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F L I G H T  EVALUATION OF TWO-SEGMENT 
A P P R O A C H E S  FOR J E T  TRANSPORT N O I S E  A B A T E M E N T  
Rober t  A .  Rogers, C a p t a i n  B e r n a r d  Wohl , 
and C. Mike Ga le  
American A i r l i n e s ,  I n c o r p o r a t e d  
SUMMARY 
A 7 5  f l i g h t - h o u r  o p e r a t i o n a l  e v a l u a t i o n  was conduc ted  w i t h  
a r e p r e s e n t a t i v e  f o u r - e n g i n e  f a n - j e t  t r a n s p o r t  i n  a r e p r e s e n t a t i v e  
a i r p o r t  env i ronmen t .  The f l i g h t  i n s t r u m e n t  systems were m o d i f i e d  
t o  a u t o m a t i c a l l y  p r o v i d e  p i l o t s  w i t h  smooth and c o n t i n u o u s  p i t c h  
s t e e r i n g  command i n f o r m a t i o n  d u r i n g  two-segment approaches.  
A t o t a l  o f  26 g u e s t  p i l o t s  and two p r o j e c t  p i l o t s  f r o m  most 
o f  t h e  m a j o r  a i r l i n e s ,  FAA F l i g h t  S tandarus ,  ALPA, APA,  and t h e  
NASA f l e w  234 two-segment approaches and 34 normal  I L S  approaches 
t o  e v a l u a t e  t h e  o p e r a t i o n a l  f e a s i b i l i t y  o f  t h e  two-segment approace 
c o n c e p t  and p rocodure .  
A l a r g e  m a j o r i t y  o f  t h e  g u e s t  p i l o t s  r e a c t e d  f a v o r a b l y  t o  
t h e  a v i o n i c s  equ ipment  and f l i g h t  p r o c e d u r e s  deve loped  by t h e  
p r o j e c t  p i l o t s .  The e v a l u a t i o n  c o n f i g u r a t i o n  a l l o w e d  t h e  p i l o t s :  
t o  f l y  a smooth p i t c h  o v e r  t r a n s i t i o n  f rom 3000 f e e t  l e v e l  f l i g h t  
t o  a 6O 30-RNAV-generated upper  segment g l i d e  s l o p e  w i t h o u t  o v e r -  
shoo t ;  and t o  f l y  a smooth p i t c h - u p  t r a n s i t i o n  f rom a 6 O g l i d e  s l o p e  
t o  a 2.5' I LS-genera ted  l o w e r  segment g l i d e  s l o p e  w i t h o u t  d r o p p i n g  
be low t h e  g l i d e  s l o p e .  The i n i t i a t i o n  a l t i t u d e  f o r  t r a n s i t i o n i n g  
t o  t h e  2.5 g l i d e  s l o p e  was s e t  f o r  481 f e e t  f o r  t h e  e v a l u a t i o n  p r o -  
f i l e .  
Calm, day t ime ,  VFR wea the r  c o n d i t i o n s  p r e v a i  1 ed t h r o u g h o u t  
t h e  e v a l u a t i o n  f l i g h t s .  The p i l o t s  unan imous ly  agreed t h a t  a 
4 8 1 - f o o t  t r a n s i t i o n  i n i t i a t i o n  a l t i t u d e  does n o t  i n d u c e  adve rse  
f l i g h t  maneuvers and can be  f l o w n  s a f e l y  under  V F R  weathe r  c o n d i t i o n s .  
t r a n s i t i o n  a1 t i t u d e  f o r  adve rse  w e a t h e r  and minimum c e i l i n g  I F R  
c o n d i t i o n s .  
The p i l o t s  d i f f e r e d  i n  t h e i r  o p i n i o n s  a b o u t  t h e  most d e s i r a b l e  
Assuming a d e s i r e  t o  r e t a i n  p r e s e n t  Ca tegory  I and Category  I 1  
weather  minimums f o r  two-segment approaches, a m a j o r i t y  o f  t h e  p i l o t s  
p r e f e r r e d  a t r a n s i t i o n  a l t i t u d e  a p p r o x i m a t e l y  500 f e e t  above t h e  m in -  
imum wea the r  c e i l i n g .  
There  was g e n e r a l  agreement t h a t  - a l l  approaches i n  schedu led  
a i r l i n e  s e r v i c e  s h o u l d  be  conduc ted  i n  t h e  same c o n s i s t e n t  manner, 
r e g a r d l e s s  o f  c e i l i n g ,  v i s i b i l i t y ,  w i n d  shear ,  e t c . ,  t o  max imize  
f l i g h t  s a f e t y .  T h i s  was f e l t  t o  be a necessa ry  p r e r e q u i s i t e  f o r  
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a d o p t i o n  o f  two-segment approaches a t  any a i r p o r t .  T h i s  p o l i c y  
. n s u r e s  t h a t  d u r i n g  t h e  minlmurn number o f  t i m e s  when C a t e g o r i e s  
f o r  I 1  weathe r  c o n d i t i o n s  p r e v a t l ,  f l i g h t  crews w i l l  have t h e  
e x p e r i e n c e  and competence t o  p e r f o r m  t h e s e  most-demanding approaches 
i n  a s a f e  manner. 
C o n s i d e r i n g  a d v e r s e  wea the r ,  minimum c e i l i n g  and f l i g h t  c rew 
e x p e r i e n c e  c r i t e r i a ,  a t r a n s i t r o n  i n i t i a t i o n  a l t i t u d e  of  app rox -  
i m a t e l y  800 f e e t  AFL wou ld  have b r o a d e s t  accep tance  f o r  i n i t i a t i n g  
two-segment approach p rocedures  i n  schedu led  s e r v i c e .  
I ndependen t  o f  t h e  t r a n s i t i o n  a l t i t u d e  and wea the r  minimum 
p o l i c i e s  wh ich  m i g h t  e v e n t u a l l y  be adopted, t h e  p i l o t s  were i n  
unanimous agreement t h a t  f u l l y - c o u p l e d ,  l a t e r a l  and v e r t i c a l ,  
a u t o p i l o t  c a p a b i l i t y  was a p r e r e q u i s i t e  t o  s e r i o u s  c o n s i d e r a t i o n  
of two-segment approaches. They f e l t  an a u t o t h r o t t l e  wou ld  be 
d e s i r a b l e ,  b u t  n o t  a n e c e s s i t y ,  s h o r t  o f  a Ca tegory  111 a u t o l a n d  
s i t u a t i o n .  
Measured n o i s e  r e d u c t i o n s  f o r  t h e  e v a l u a t i o n  two-segment 
p r o f i l . 2 ,  when compared t o  a normal I L S  approach w i t h  t h e  same 
a i r c r a f t ,  a r e  as  f o l l o w s :  
Ground N o i s e  








22.0 EPNdB 115.5 EPNdB 6.5 EPNdB 
16.5 107.5 9.0 
13.5 102.5 11.0 
09.0 96.0 13.0 
06.0 91.5 14.5 
04.5 ’ 89.0 15.5 
03.0 87.0 16.0 
’On f i n a l  approach c e n t e r l i n e  f rom runway t h r e s h o l d .  
A more comp le te  d e s c r i p t i o n  o f  r i o i s e  r e d u c t i o n s  i s  f ound  i n  
r e f e r e n c e  6. 
The 3D-RNAV d a t a  i n d i c a t e s  t h a t  t h e  two-segment system p e r -  
formed s a t i s f a c t o r i l y .  I t  was b a s i c a l l y  a manual system s i n c e  
commands on  t h e  f l i g h t  d i r e c t o r  were f o l l o w e d  by t n e  p i l o t .  The 
f u l l y  c o u p l e d  I L S  approaches ( t h e  c o n v e n t i o n a l  s e m i - a u t o m a t i c  l a n d i n g  
sys tem)  had l e s s  v e r t i c a l  d e v i a t i o n  f rom t h e  d e s i r e d  p r o f i l e  d u r i n g  
most o f  an approach.  However, d u r i n g  t h e  l a s t  segment ( o n  t h e  
g l i d e s l o p e ) ,  t h e  m a n u a l l y  f l o w n  two-segment approaches showed 
accu racy  as good as o r  b e t t e r  t h a n  those  made u s i n g  t h e  semi -au to -  
m a t i c  system. 
The p r o f i l e  d e f i n e d  by t h e  syszem gave an upper  g l i d e p a - h  
of  a p p r o x i m a t e l y  64 degrees .  T h i s  was & degree g r e a t e r  t h a n  
i n s e r t e d  i n t o  t h e  a r e a  n a v i g a t i o n  system. The g l i d e p a t h  e r r o r  
i s  a p p a r e n t l y  due t o  an e r roneous  a l o n g - t r a c k ,  d i s t a n c e - t o -  
n a y p o i n t  s i g n a l  r e s u l t i n g  i n  t h e  ADD comput ing  an i n c o r r e c t  
a l t i t u d e  p r o f i ; e .  I f  t h e  a l o n g - t r a c k  d i s t a n c e - t o - w a y p o i n t  were 
c o r r e c t ,  t h e  v e r t i c a l  p r o f i l e  g e n e r a t e d  wou ld  have been c o r r e c t .  
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T r a n s i t i o n  f rom t h e  upper  6% degree segnqent t o  t h e  l o w e r  
segment (24 degree g l i d e s l o p e )  was s a t i s f a c t o r y .  D u r i n g  t r a n s i -  
t i o n  t h e  a i r c r a f t  passed 13 f e e t  undernea th  .;he ILS beam i n  t h e  
w o r s t  case. The g e o m e t r i c  i n t e r c e p t  o f  t h e  two g l i d e s l o p e s  was 
a p p r o x i m a t e l y  300 f e e t .  A c t u a l  t r a n s i t i o n  t o  t h e  l o w e r  segment 
was i n i t i a t e d  a t  a b o u t  481 f e e t .  P i l o t a g e  e r r o r s  were m i n i m a l  
f o r  a l l  t ypes  o f  approaches. The S t o c k t o n  l o c a l i z e r  was used 
f o r  t h e  purpose o f  g u i d i n g  t h e  a i r c r a f t  t o  t h e  runway. However, 
RNAV c r o s s t r a c k  e r r o r  d a t a  was r e c o r d e d .  
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Background 
J e t  t r a n s p o r t  e n g i n e  n o i s e  has become an e v e r - i n c r e a s i n g  
concern  t o  a i  r p o r t  communi t y  r e s i d e n t s ,  t h e  a i  r l  i ne i ndus t r y ,  
and r e l a t e d  government agenc ies .  S e v e r a l  complementary crevelop- 
ment e f f o r t s  a r e  underway t o  i d e n t i f y  a c c e p t a b l e  n o i s e  abatement 
s o l u t i o n s .  
One n o i s e  abatement s o l u t i o n  i s  c e n t e r e d  around t h e  e n g i -  
n e e r i n g  development o f  nace l l e -moun ted ,  a c o u s i t c  t r e a t m e n t  
r e t r o f i t  k i t s .  T h i s  i s  a c o s t l y  s o l u t i o n .  I t  i s  a l s o  q u e s t i o n -  
a b l e  t h a t  an economica l  t e c h n i q u e  can be deve loped  and i m p l e -  
mented f o r  a l l  a i r c r a f t  t ypes  i n  a r e a s o n a b l e  t i m e  p e r i o d .  
An a l t e r n a t e  s o l u t i o n  i s  c e n t e r e d  around t h e  development 
o f  o p e r a t i o n a l l y  a c c e p t a b l e  n o i s e  abatement g l i g h t  p rocedures .  
P o t e n t i  a1 s o l u t i o n s  under  t h i s  head ing  o f f e r  s e v e r a l  advan- 
tages  o v e r  a c o u s t i c  r e t r o f i t  s o l u t i o n s .  I n  g e n e r a l ,  f l i g h t  p r o -  
cedure  r e v i s i o n s  a r e  n o t  o n l y  l e s s  c o s t l y ;  b u t ,  t h e y  a l s o  o f f e r  
t h e  p o t e n t i a l  o f  b e i n g  imp lemented on a w i d e - s c a l e  b a s i s  i n  a 
r e l a t i v e l y  s h o r t  t i m e  p e r i o d .  
The i m p l e m e n t a t i o n  o f  n o i s e  abatement f l i g h t  p rocedures  
d u r i  ng t a k e - o f f  has a1 ready  produced m e a n i n g f u l  n o i s e  r e d u c t i  ons. 
Development o f  n o i s e  abatement f l i g h t  p rocedures  f o r  t h e  f i n a l  
approach has been hampered by t h e  need f o r  a p r a c t i c a l  v e r t i c a l  
r e f e r e n c e  p a t h ,  t h e  inadequacy  o f  c o n v e n t i o n a l  c o c k p i t  gu idance  
and d i s p l a y ,  and apprehens ion  abou t  t h e  i m p a c t  o f  h i g h e r - t h a n -  
normal  g l i d e  s l o p e s  on f l i g h t  s a f e t y .  
P r e v i o u s  F i n a l  Approach No ise  Abatement Research 
a l r e a d y  been conduc ted  t o  d e t e r m i n e  t h e  m e r i t s  o f  d i f f e r e n t  t y p e s  
o f  f i n a l  approach n o i s e  abatement f l i g h t  p rocedures .  The two-  
segment approach seemed t o  p r e s e n t  t h e  l e a s t  number o f  o p e r a t i o n -  
a l  d i f f i c u l t i e s ,  and t o  y i e l d  t h e  most s i g n i f i c a n t  n o i s e  reduc -  
t i  ons. 
S e v e r a l  government -sponsored f l i g h t  r e s e a r c h  programs have 
NASA-Langley conducted  s i m u l a t e d  I F R  f l i g h t  t e s t s  a t  
Wal lops  I s l a n d ,  V i r g i n i a ,  w i t h  s i x  a i r p l a n e s  r a n g i n g  i n  t y p e  
f rom a T w i  n -eng i  ne t u r b o j e t  e x e c u t i v e  t r a n s p o r t  t o  a f o u r - e n g i n e  
t u r b o f a n  commerc ia l  t r a n s p o r t  Ref. 1, d a t e d  Oc tober  1969) .  
S ing le -Segment  p r o f i l e s  f rom 3' t o  T o ,  and two-segment p r o f i l e s  
u i t h  upper  segment ang les  o f  5' t o  9' were f l own .  
upper  segments o f  t h e  two-segment p r o f i l e s  were f l o w n  t o  a 760- 
f o o t  a l t i t u d e  i n t e r c e p t  o f  a 3' g l i d e  s lope .  
A l l  o f  t h e  
The g l i d e  s l o p e  
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r e f e r e n c e  p a t h s  f o r  a l l  o f  t h e s e  approach p r o f i l e s  were p r o v i d e d  
by  a p r e c i s i o n  r a d a r  t h r o u g h  an ILS  d a t a  l i n k .  
From an o p e r a t i o n a l  v i e w p o i n t ,  t h e  two-segment g l i d e  s l o p e  
was p r e f e r r e d  o v e r  t h e  s i n g l e - s e g m e n t  g l i d e  s l o p e  because o f  t h e  
l o w e r  v e r t i c a l  v e l o c i t i e s  nea r  t h e  ground. The NASA-Lat,gley r e -  
sea rch  p i l o t s  a l s o  c o n s i d e r e d  6O t o  be t h e  maximum uDper segment 
g l i d e  s l o p e  f o r  adequate  speed and f l i g h t  p a t h  c o n t r o l .  
NASA-Ames conduc ted  a second s e r i e s  o f  approach n c i s e  
abatement f l i g h t  t e s t s  a t  Oak land A i r p o r t ,  C a l i f o r n i a ,  w i t h  t h e  
Boe ing  367-80 (707/KC-135 p r o t o t y p e )  (Ref .  2, d a t e d  May 1970) .  
The p r i m a r y  o b j e c t i v e  o f  t h i s  e v a l u a t i o n  was t o  d e t e r m i n e  t h e  
a i r p l a n e  systems t h a t  wou ld  e n a b l e  a p i l o t  t o  f l y  n o i s e  aba te -  
ment approaches w i t h  t h e  p r e c i s i o n  r e q u i r e d  f o r  wea the r  minimums 
w i t h o u t  an i n c r e a s e  i n  p i l o t  work load .  S ing le -segmen t  p r o -  
f i l e s  f r o m  2.65O - 6.8' were  f l own .  Two-segment p r o f i l e s  w i t h  
an upper  segment o f  6 were f l o w n .  The upper  segments o f  t h e  
two-segment p r o f i l e s  were f l o w n  t o  2 5 0 - f o o t  i n t e r c e p t s  o f  a 
2.65' I L S  g l i d e  s l o p e .  S ing le -segmen t  and two-segment d e c e l -  
e r a t i n g  approaches were  a l s o  f l o w n  a t  g l i d e  s l o p e s  f r o m  2.65' 
t o  5 0 .  
I n  t h e  NASA-Ames t e s t s ,  t h e  c g n v e n t i o n a l  I L S  a t  Oak land 
was used f o r  t h e  l o w e r  segment 2.65 g l i d e  s l o p e ;  and, a r a d a r  
l a n d i n g  approach sys tem was used t o  g e n e r a t e  t h e  6 O  u p p e r  seg- 
ment g l i d e  s lope .  
The need t o  descend on a h i g h e r - t h a n - n o r m a l  g l i d e  s l o p e  
d u r i n g  t h e  upper  segment o f  a two-segment approach c r e a t e s  
s e v e r a l  a d d i t i o n a l  p i l o t  t a s k s  as compared t o  a normal  approach 
p rocedure .  The r e s u l t i n g  changes i n  a i r c r a f t  a t t i  t u d e  and con- 
f i g u r a t i o n  cause t h e  a i r c r a f t  tc) behave somewhat d i f f e r e n t l y .  
A s i d e  from t h e  t e c h n i c a l  f e a s i b i l i t y  o f  two-segment approach 
p rocedures ,  t h e r e  i s  t h e  o v e r r i d i n g  q u e s t i o n  o f  t h e  t y p i c a l  a i r -  
l i n e  p i l o t ' s  a b i l i t y  t o  p e r f o r m  two-segment approaches w i t h o u t  
compromis ing  f l i g h t  s a f e t y  i n  t h e  s c h e d u l e d  s e r v i c e  env i ronmen t .  
A commor c o n c l u s i o n  o f  t h e s e  e a r l i e r  s t u d i e s  was t h a t  new 
and /o r  improved  f l i g h t  i n s t r u m e n t s  were needed f o r  v e r t i c a l  
g u i  diince d u r i n g  t h e  t r a n s i  t i  on maneuvers. I n  o r d e r  t o  m i  n i m i  t e  
p i l o t  w o r k l o a d ,  o t h e r  p o s s i b l e  c o c k p i t  p r o v i s i o n s  were i d e n t i -  
f i e d ,  such as a u t o t h r o t t l e ,  a u t o t r i m ,  and a l t i t u d e  h o l d .  
R e f e r r i n g  t o  t h e  p r e v i o u s l y - m e n t i o n e d  N A S A  and F A A  n o i s e  
abatement r e s e a r c h  programs, s e v e r a l  a d d i t i o n a l  o p e r a t i o n a l  
p rob lems were i d e n t i f i e d .  Some o f  t h e s e  prob lems d e a l t  w i t h  t h e  
c o c k p i t  gu idance  r e q u i r e d  by t h e  p i l o t  t o  t r a n s i t i n n  f r o m  and 
t o  t h e  upp segment f l i g h t  pa th .  G l i d e - s l o p e  t r a c k i n g  d i f f i -  
c u l  t i e s ,  l e d d i n g  t o  b e l o w - g l i d e - s l o p e  d e v i a t i o n s ,  were e x p e r -  
i e n c e d  i n  t h e  upper -segment - to - lower -segment  t r a n s i t i o n  maneuver. 
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D i f f i c u l t y  was a l s o  e x p e r i e n c e d  i n  a c q u i r i n g  t h e  upper  segment a t  
i n t e r c e p t  w i t h o u t  o v e r s h o o t i n g .  
The o p e r a t i o n a l  p rob lem o f  how t o  p r o v i d e  a t;vo segment 
g l i d e  s l o p e  was n o t  addressed d u r i n g  t h e  two N A S A  f l i g h t  programs. 
A f e a s i b l e  a l t e r n a t i v e  had been i d e n t i f i e d  s e p a r a t e l y  d u r i n g  a 
s e r i e s  o f  FAA r e s e a r c h  programs, and i n v o l v e d  t h e  use  o f  conven- 
t i o n a l  DME and b a r o m e t r i c  a l t i m e t e r  s i g n a l s  (Ref .  3 ,  d a t e d  June 
1967). P a r t  o f  t h i s  FAA e f f o r t  i n c l u d e d  t h e  deve lopment  o f  an 
on-board  a n a l o g  computer (known as a s e l e c t i v e  g l i d e  s l o p e  com- 
p u t e r ,  S E G S )  t o  p e r f o r m  t h e  necessa ry  v e r t i c a l  r e f e r e n c e  p a t h  
c a l c u l a t i o n s  (Ref .  4, d a t e d  A p r i l  1970;. 
w i t h  s e v e r a l  f l i g h t  s a f e t y  m a t t e r s  t o  some e x t e n t .  Adequate 
e n g i n e  t h r u s t  response t o  m a i n t a i n  t h e  d e s i r e d  g l i d e  s l o p e  d u r -  
i n y  t h e  p i t c h - u p  t r a n s i t i o n  from t h e  upper  segment t o  t h e  normal  
ILS segment was one o f  t h e  e a r l y  concerns  (Ref .  1). T h i s  con- 
c e r n  i s  m a g n i f i e d  b y  t h e  h i g h e r - t h a n - n o r m a l  s i n k  r a t e s  wh ich  
a r e  encoun te red  on t h e  upper  segment. I n  e i t h e r  e v e n t ,  t h e r e  
s h o u l d  be  no tendency  f o r  t h e  p i l o t  t o  undershoo t  t h e  l o w e r  I L S  
g l i d e  s l o p e  segment. 
p r o c e d u r e  f o r  a1 1 a i  r l  i ne p i  1 o t  t ypes  (age,  e x p e r i  ence, m o t i  va- 
t i o n ,  s k i l l ,  e t c . ) ,  i n  terms o f  t h e i r  a b i l i t y  t o  p e r f o r m  t h e  
r e q u i r e d  maneuvers i n  a p r e c i s e  and r e p e a t a b l e  manner. 
The p r e v i o u s  NASA and F A A  f l i g h t  r e s e a r c h  programs d e a l t  
Ano the r  f l i g h t  s a f e t y  i t e m  i s  an a l l o w a n c e  i n  t h e  c o c k p i t  
T h e r e f o r e ,  NASA-Ames e s t a b l i s h e d  a r e q u i r e m e n t  f o r  a n o t h e r  
program t h a t  a i r l i n e  p i l o t s ,  f rom as many a i r l i n e s  as p o s s i b l e ,  
s h o u l d  f l y  and e v a l u a t e  a two-segment approach procedure .  I t  
was f e l t  t h a t  t e c h n i c a l  f e a s i  b i  1 i t y  o f  t h e  two-segment approach 
c o n c e p t  had p r o g r e s s e d  t o  a p o i v t  where i t  was t i m e  t o  more f u l l y  
assess a i r l i n e  p i l o t  r e a c t i o n .  I t  was known t h a t  e v e n t u a l  accep- 
t a n c e  o f  a two-segment approach t e c h n i q u e  wou ld  depend, t o  a 
g r e a t  e x t e n t ,  on t h e  c o l l e c t i v e  judgment  o f  t h e  a i r l i n e  p i l o t  
community. 
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T e s t  O b j e c t i v e s  
The o v e r a l l  srogram o b j e c t i v e  was t o  d e f i n e  and imp lement  
an o p e r a t i o n a l  two-segment approach system. The more s p e c i f i c  
o b j e c t i v e s  o f  t h i s  f l i g h t  e v a l u a t i o n  were d e r i v e d  f r o m  t h e  
e a r l i e r  n o i s e  abatement r e s e a r c h  e f f o r t s  on t h e  two-segment 
approach concept .  
* 
P r i m a r y  O b j e c t i v e s  
Determine t h e  o p e r a t i o n a l  f e a s i b i l i t y  o f :  
1. Two-Segment A i  r l  i ne P i  l o t  Procedures  
2. Two-Segment A v i o n i c s  Equipment 
i
These p r i m a r y  o b j e c t i v e s  were t o  be accomp l i shed  by  h a v i n g  
a b r o a d  sample o f  a i r l i n e  p i  l o t s  f l y  two-segment apprbaches w i t h  
a r e p r e s e n t a t i v e  f o u r - e n g i n e  j e t  t r a n s p o r t  i n  a r e p r e s e n t a t i v e  
a i r p o r t  e n v i  ronment. The i  r c o l  l e c t i  ve o p i n i o n  o f  o p e r a t i o n a l  
f e a s i b i l i t y  c o u l d  then  be  used as a measure o f  p o t e n t i t a l  accep- 
t a b i l i t y  t h e  p i l o t  community. 
The m a j o r  a v i o n i c s  equ ipment  o b j e c t i v e  was t h e  a d a p t a t i o n  
o f  s t a n d a r d  a i r l i n e  e l e c t r o n i c  equ ipment  f o r  two-segment a p -  
proaches w i t h  a minimum o f  m o d i f i c a t i o n .  F o r  t h e  most p a r t ,  
t h e  bu rden  o f  t h i s  r e q u i r e m e n t  c e n t e r e d  arouna t h e  development 
o f  an a u t o m a t i c  scheme f o r  p r o v i d i n g  t h e  p i l o t  w i t h  smocth and 
c o n t i n u o u s  p i t c h  s t e e r i n g  command i n f o r m a t i o n  t h r o u g h o u t  t h e  
two-segment p r o f i l e .  The d e s i r e d  e v i  r e s u l t  was t h e  i d e n t i f i c a -  
t i o n  o f  a minimum c o s t  c o n t r o l l d i s p l a y  sys tem m o d i f i c a t i o n  t h a t  
c o u l d  be imp lemented by m a j o r  a i r l i n e s  i n  a r e a s o n a b l y  s h o r t  
t i m e  p e r i o d .  
Secondary O b j e c t i v e s  
E n g i n e e r i n g  a n a l y s i s  o f :  
3 .  3 D - R N A V  Equipment Accuracy 
4. Ground L e v e l  No ise  Reduc t ions  
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These secondary  o b j e c t i v e s  were t o  be dccomp l i shed  by 
measur ing :  a c t u a l  a i r c r a f t  p o s i t i o n  t h r o u g h o u t  t h e  two-segment 
approach w i t h  r a d a r  equipment p o s i t i o n e d  on t h e  d e s t i 2 a t i o n  a i r -  
p o r t ;  c o c k p i  t n a v i  g a t i  on and g u i  dance s i g n a l  s w i  t h  an a i  r b o r n e  
d a t a  r e c o r d e r ;  and, n o i s e  l e v e l s  f o r  normal  and two-segment 
approaches w i t h  d a t a  r e c o r d e r s  p o s i t i o n e d  under  t h e  f i n a l  ap- 
p roach pa th .  T h i s  d a t a  c o u l d  t h e n  be used t o  e s t a b l i s h  t h e  
a b i l i t y  o f  3D-RNAV equ ipment  t o  g e n e r a t e  t h e  upper  segment o f  : 
two-segment approach pa th ,  and t o  c o n f i r m  n o i s e  b e n e f i t s  o f  . . 
two-segment approach concept .  
s t e p  toward  t h e  d e f i  n i  t i  on o f  an o p e r a t i o n a l  l y  a c c 2 p t a b l e  t e c h -  
n ique.  I t  was n o t  expec ted  t h a t  a l l  o p e r a t i o n a l  r e q u i r e m e n t s  
bvould be r e s o l v e d  d u r i n g  t h i s  program. Depending on t h e  autcorne 
o f  t h i s  f e a s i b i l i t y  e v a l u a t i o n ,  i t  was e x p e c t e d  t h a t  f u r t h e r  
e v a l u a t i o n s  wou ld  be r e q u i r e d  b e f o r e  t h e  two-segment approach 
can be s e r i o u s l y  c o n s i d e r e d  f o r  schedu led  a i r l i n e  s e r v i c e .  
These r e s e a r c h  and development o b j e c t i v e s  r e p r e s e n t  a i io ther  
D u r i n g  t h e  same t i m e  p e r i o d ,  3 D - R N A V  equipmet i t  was b e i n g  
d e v e l  oped by a v i o n i c s  m a n u f a c t u r e r s  whi ch g e n e r a t e  v e r t i c a l  r e f -  
e rence  pa ths  i n  somewhat t h e  same way as t h e  FAA-developed S E G S .  
A m a j o r  d i  f f e r e n c e  i nvol  ves t h e  a d d i t i o n a l  use o f  c o n v e n t i o n a l  
V O R  s i g n a l s  i n  t h e  3D-hL1AV equ ipment  t o  c a l c u l a t e  b o t h  v e r t i c a l  
and l a t e r a l  l i g h t  pa ths .  Because o f  t h i s  f e a t u r e ,  3D-RNAV e q u i ? -  
ment does n o t  r e q u i r e  t h e  t r a n s m i t t i n g  V O R T A C  s t a t i o n  t o  be 
l o c a t e d  near  t h e  d e s i r e d  3D-RNAV waypo in t .  Converse ly ,  t h e  ex-  
c l  u s i  v e l y  DME-or iented SEGS r e q u i r e s  t h e  t r a n s m i  t t i  ng DME , to be 
l o c a t e d  a t  o r  v e r y  nea r  t h e  d e s i r e d  g l i d e  s l o p e  waypo in t .  
T h e r e f o r e ,  3D-RNAV concep ts  r e p r e s e n t  a p o t e n t i a l l y  more 
f l e x i b l e  and p r a c t i c a l  means o f  g e n e r a t i r g  an upper  segment r e f -  
e rence  p a t h  i n  an a i r l i n e  o p e r a t i n g  env i ronment .  E v a l u a t i o n  o f  
t n e  3D-RNAV concep t  r e p r e s e n t s  cin e v o l u t i o n a r y  e x t e n s i o n  o f  
e a r l i e r  N A S A  and F A A  s t u d i e s  o f  v e r i t c a l  r e f e r e n c e  n a t h  t e c h n i -  
ques. 
Based on t h i s  e a r l  i e r  r e s e a r c h ,  t h e  f o l 1  owing  o p e r a t i o n a l  
equipment r e q u i r e m e n t s  were posed as a minimum by I A S A  Ames f o r  
t h i s  program. Cont inuous  p i t c h  command d a t a  was t o  be p r o v i d e d  
t o  t h e  p i l o t  a l l  t h e  way f rom c a p t u r e  o f  t h e  upper  segllient t o  
Category  I weathe r  minimums. T h i s  gu idance was t o  be  p r o v i d e d  
on c o n v e n t i o n a l  f l i g h t  d i r e c t o r  c o c k p i t  d i s p l a y s .  N o  p i l o t  
s w i t c h i n g  o r  t u n i n g  s h o u l d  be r e q u i r e d  a f t e r  commencement o f  t h e  
two-segment approach. 
An arm and c a p t u r e  ar rangement  ( s i m i l a r  t o  F l i g h t  D i r e c t o r  
c a p t u r e  o f  t h e  s t a n d a r d  I L S  beam) was r e q u i r e d  t o  g e n e r a t e  t h e  
c u r v i l i n e a r  v e r t i c a l  command i n f o r m a t i o n  t h e  p i l o t  needs t o  
( 1 )  t r a n s i t i o n  f r o m  s t r a i g h t  and l e v e l  f l i g h t  t o  t h e  upper  seg-  
ment g l i d e  s l o p e ,  and ( 2 )  t r a n s i t i o n  f r o m  t h e  Upper' segment t o  
t h e  normal  I L S  g l i d e  s l o p e  segment. 
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The a r e a  n a v i g a t i o n  sys tem wou ld  be used t o  e s t a b l i s h  
v e r t i c a l  gu idance f o r  t h e  s t r a i g h t - l i n e  p o r t i o n  o f  t h e  Jpper  
segment. The s t a n d a r d  ICs g l i d e  s l o p e  s i g n a l  wou ld  be a u t o -  
m a t i  c a l  l y  moni t o r e d  by t h e  f 1 i g h t  d i  r e c t o r  computer d u r i n g  t h e  
l a t t e r  p o r t i o n  o f  t h e  uppclr segment; and, when t h i s  s i g n a l  
reached a p r e s c r i b e d  l e v e i ,  t h e  v e r t i c a l  gu idance  command and 
s i t u a t i o n  d i s p l a y s  wou ld  be a u t o m a t i c a l l y  s w i t c h e d  f r o m  t h e  RNAV 
s i g n a l  t o  t h e  ILS  g l i d e  s l o p e  s i g n a l .  From t h i s  p o i n t  t o  t c u c h -  
down, a l l  v e r t i c a l  gu idance command and raw d a t a  d i s p l a y s  wou ld  
be d r i v e n  b y  t h e  s t a n d a r d  I L S  g l i d e  s l o p e  s i g n a l  i n  a conven- 
t i o n a l  manner. 
L a t e r a l  command and s i t u a t i o n  d a t a  was t o  be p r o v i d e d  i n  
a c o n v e n t i o n a l  manner by t h e  I L S  l o c a l i z e r ,  and d i s p l a y e d  
t h r o u g h o u t  t h e  two-segment p r o f i l e .  
The f o l l o w i n g  s e c t i o n  o f  t h i s  r e p o r t  d i s c u s s e s  t h e  con- 
c l u s i o n s  reached  f o r  t h i s  n o i s e  abatement p r o j e c t .  Remaining 
s e c t i o n s  of t h e  r e p o r t  d i s c u s s  t h e  t e s t  equ ipment ,  t e s t  p r o -  
cedures ,  and d e t a i l e d  r e s u l t s .  The append ices  p r o v i d e  more de- 
t a i l e d  d e s c r i p t i o n s  o f  t h e  f l i g h t  d i r e c t o r ,  t h e  3D-RNAV system, 
t h e  d a t a  r e c o r d i n g  system, t h e  t r a c k i n g  r a d a r ,  t h e  3D-RNAV 
e r r o r  models, and p o s i t i o n  e r r o r  s t a t i s t i c s .  
9 
CONCLUSIONS 
Program Conc lus ions  
T h i s  program p roved  t h a t  i t  i s  o p e r a t i o n a l l y  and t e c h n i c a l l y  
f e a s i b l e  t o  p e r f o r m  t w o - s q m e n t  l a n d i n g s  w i t h  commerc ia l  t u r b o j e t  
a i r c r a f t .  The l a n d i n g  p rocedure  deve loped d u r i n g  t h e  program i s  
a c c e p t a b l e  f o r  a i r l i n e  use w i t h  possl ’bl e excep t  i o n  o f  t h e  g l  l’de- 
s l o p e  i n t e r c e p t  a l t i t u d e  and adve rse  wea the r  c o n d i t i o n s .  F u r t h e r  
s t u d y  o f  t h e s e  i t e m s  i s  needed. 
t h e  two-segment approach t e c h n i q u e .  H o s t  were n o t  concerned by  
t h e  h i g h e r  t h a n  normal  s i n k  r a t e ,  ‘ i l o t s  r e p o r t e d  l o w e r  f l i g h t  
deck ambien t  n o i s e ,  b e t t e r  v i s t b i l i t y  o f  t h e  a i r p o r t  a rea ,  more 
p o s i t i v e  f 1  i g h t  c o n t r o l  response,  and t h a t  t h e  p i t c h - u p  t r a n s i -  
t i o n  u$ed t o  c a p t u r e  t h e  ILS was m i l d .  
F l i g h t  obse rve rs ,  a l t h o u g h  n o t  f u l l y  r e p r e s e n t a t i v k  o f  t h e  
t r a v e l i n g  p u b l i c ,  were asked t o  comp le te  a passenger  q u e s t i o n n a i r e .  
The passengers i n d i c a t e d  t h a t  t h e  two-segment approaches were l e s s  
bumpy and l e s s  n o i s y ,  b u t  s t e e p e r  and f a s t e r ,  a n d  had more v l b r a -  
t i c n  than  t h e  normal  I L S  approach.  A l so ,  t h e y  were l e s s  concerned 
about  t h e  t e r r a i n  when making two-segment approaches. 
The m a j o r i t y  o p i n i o n  o f  t h e  g u e s t  p i l o t s  was f a v o r a b l e  toward  
T t  was conc luded  t h a t  t h e  a v i o n i c s  used d u r i n g  t h i s  eva1ua t ; Jn  
program wou ld  n o t  be a c c e p t a b l e  f o r  w idespread a i r l i n e  use.  Recom- 
mendat ion  f o r  an o p e r a t i o n a l  a v i o n i c s  system i s  p r o v i d e d  !n a f o i -  
l o w i n g  s e c t i o n .  Fur thermore ,  t h e  r e l a t i o n s h i p  between f l i g h t  d i r e c -  
t o r  parameters  and p r o f t l e s  r e s t r i c t s  t h e  two-segment approach 
scheme t o  a f i x e d  p r o f i l e  w i t h  p r e s e n t - d a y  f l i g h t  d i r e c t o r s .  I t  
may p r o v z  necessa ry ,  i n  t h e  f u t u r e ,  t o  d e v i s e  a method f o r  
a u t o m a t i c  a d j u s t m e n t  o f  t h e  parameters  when any one o f  s e v e r a l  
d e s i r e d  p r o f i l e s  i s  s e l e c t e d  by  t h e  p i l o t .  
No ise  r e d u c t i o n ,  wh ich  i$ n o t  a c l r n c l u s i o n  o f  t h i s  program, 
was s i o n i i i c a n t ,  n e v e r t h e l e s s .  C e n t e r l i n e  n o i s e  r e d u c t i o n  v a r i e d  
f rom 1. SPNdB a t  G n a u t i c a l  m i l e s  t o  0.5 EPNdB a t  1 n a u t i c a l  m i l e  
f rom t h e  runway t h r e s h o l d .  
! O  
Conc lud ing  R. d r k s  
Summary o f  Two-Seqment Approach Advantages 
. No ise  abatemenc; c o n s i d e r a b l e  n o i s e  r e d u c t i o n  (12 EPNdB 
a t  2.2 n a u t i c a l  m i l e s  f rom l a n d i n g  t h r e s h o l d )  
. Q u i e t e r  onboard t h e  a i r c r a f t ;  l e s s  onboard n o i s e  f o r  t h e  
. Above most smoke and smog i n  t e r m i n a l  a rea .  
. Above a l o t  o f  l o c a l  a i r p o r t  t r a f f i c  
p i l o t  and passenger.  
. Less exposure  t o  t e r m i n a l  a rea  t e r r a i n  
. Much b e t t e r  v i e w  o f  a i r p o r t ,  runway env i ronmen t ,  and 
t e r m i n a l  a r e a  t r a f f i c  
. B e t t e r  c a p a b i l i t y  t o  m a i n t a i n  a c o m f o r t a b l e  t e m p e r a t u r e  f o r  
. Some f u e l  sav ings  
. Reduced exposure  t o  h i g h  eng ine  tempera tu res  d u r i n g  approach 
. I n  t h e  even t  o f  an emergency d u r i n g  t h e  approach,  a i r c r a f t  
has more go:nc f o r  i t ;  e.g., more energy,  more a l t i t u d e ,  
e t c .  
a l o n g e r  p e r i o d  o f  t i m e .  
. Some ATC b e n e f i t s .  
. A q u i e t e r  env i ronmen t  f o r  penp le  zn t h e  ground who a r e  n o t  
l i v i n g  d i r e c t l y  under  t h e  f i n a l  approach f l i g h t  p a t h .  
. More prs i  t i v e  c o n t r o l  response for a i r s p e e d  management , e t c .  
3D-RNAb Equipment 
An i n t e r e s t i n g  s i d e  n o t e  t o  t h e  p r o j e c t  was t h e  p o s i t i v e  
r e a c t i o n  and en thus iasm d i s p l a y e d  by  t h e  gues t  p i l o t s  f o r  a r e a  
n a v i g a t i o n  concepts  i n  g e n e r a l .  I n  a d d i t i o n  t o  g e n e r a t i n g  an 
upper  segment g l i d e  s l o p e  f o r  two-segment approaches,  a 3D-RNAV 
system o f f e r s  t h e  f o l l o w i n g  a d d i t i o n a l  b e n e f i t s .  
. C r o s s t r a c k  d e v i a t i o n  d i s t a n c e  ( h e l p f u l  i n  d e t o u r i n g  known 
areas  o f  bad wea the r )  
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. P r o v i d e s  g l i d e  p a t h  i n f o r m a t i o n  f o r  VOR approaches and 
. Can be used t o  m o n i t o r  an ILS approach. 
back cou rse  I L S  approaches. 
. P r o v i d e s  b o t h  l a t e r a l  and v e r t i c a l  gu idance  t o  non- 
i n s t r u m e n t e d  runways. 
. Backup l a n d i n g  a i d  i n  t h e  e v e n t  o f  a g l i d e  s l o p e  o r  l o -  
c a l i z e r  t r a n s m i t t e r  f a i l u r e .  
. P o i n t - t o - p o i n t  e n r o u t e  n a v i g a t i o n  ( r e d u c t i o n  i n  fue; c o s t s )  
. R e l i e v e s  t h e  A i r  T r a f f i c  C o n t r o l l e r  o f  some o f  w o r k l o a d  
(by p u t t i n g  more n a v i g a t i o n  back i n t o  t h e  c o c k p i t ) .  
. P r o v i d e  more a c c u r a t e  e n r o u t e  n a v i g a t i o n  ( a l l o w i n g  a 
r e o r g a n i z a t i o n  o f  t h e  a v a i l a b l e  a i r s p a c e .  
12  
Recommendations 
The RPJAV concep t  and i t s  method o f  n a v i g a t i o n  must be 
accepted  as  o p e r a t i o n a l l y  f e a s i b l e  and p r a c t i c a b l e  b e f o r e  two-  
segment approaches u s i n g  t h i s  equipment can be proposed f o r  a i r -  
l i n e  use. The a i r l i n e  i n d u s t r y  needs more exposure  and educa- 
t i o n  i n  t h e  f i e l d  o f  30 a r e a  n a v i g a t i o n .  A n a t i o n w i d e  t o u r  o f  
an a i r c r a f t  c o n f i g u r e d  a l o n g  t h e  l i n e s  o f  t h e  720 used f o r  t h i s  
p r o j e c t  wou ld  be i n s t r u m e n t a l  i n  b r i n g i n g  t o  a l l  t h e  a i r l i n e s  
and t h e i r  p i l o t s  t h e  RNAV p rogram and i t s  c a p a b i l i t i e s  and a t  
t h e  same t i m e  p r e s e n t  t h e  o p e r a t i o n a l  f e a s i b i  1 i t y  o f  two-segment 
approaches f o r  j e t  t r a n s p o r t s .  A program o f  t h i s  n a t u r e  wou ld  
a l s o  p r o v i d e  v a l u a b l e  d a t a  i n  t h e  areas  o f :  
. The e f f e c t s  o f  d i f f e r e n t  o p e r a t i o n a l  a i r p o r t  
envf  ronments 
. The e f f e c t s  o f  s t r o n g  c r o s s w i n d  c o n d i t i o n s  
. The e f f e c t s  o f  t a i l w i n d  c o n d i t i o n s  
. Approaches conducted  under  a c t u a l  f l i g h t  i n s t r u m e n t  
cond i  ti ons 
. F u r t h e r  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  n i g h t t i m e  two- 
segment approaches 
Recommended two-segment n o i s e  abatement equipment f o r  an 
o p e r s t i  o n a l  sys tem:  
Hardware F u n c t i o n  
i4o4i f i e d  FD-108 (Dual  ) P i t c h  command t h r o u g h o u t ,  and 
A R I N C  MK I A r e a  Nav  o r  Upper segment v e r t i c a l  r e f e r e n c e  
M o d i f i e d  B / N  V A C / A D D  p a t h ,  and reduced e n r o u t e  c o c k p i t  
( S i n g l e  1 w o r k l o a d  
p i t c h - o v e r ! p i t c h - u p  gu idance 
A u t o p i  1 o t  F u l l  y coup1 ed, approach, v e r t i  c a l  
and 1 a t e r a l  c o n t r o l  t h r o u g h o c t  
Kodi  f i e d  P rog ress  
D i s p l a y  ( D u a l )  cues 
C o c k p i t  Layou t  Dual f o r  d i s p l a y  redundancq 
CACC o r  4 t h  A l t i m e t e r  Fo r  an a l t i t u d e  i n p u t  t o  t h e  RNAV 
sys  tern 
Two-segment prof i 1 e a n t i c i p a t i o n  
Hardware 
A 1  t i  t u d e  H o l d  
Nav R e c e i v e r s  
Bar0  A 1  t i  t u d e  S i g n a l  
DME/VOR Recei v e r s  
F u n c t i o n  
P o s i t i v e  p i t c h  command p r i o r  t o  upper  
segment c a p t u r e  
A s u f f i c i e n t  number t o  p e r m i t  a c c e p t -  
a b l e  a u t o  s w i t c h i n g  f r o m  RNAV t o  I L S  
r e c e i v e r s  
To rearm t h e  f l i g h t  d i r e c t o ;  f o r  1LS 
G / S  c a p t u r e  ( i n s t e a d  o f  a r a d i o  a l t i -  
m e t e r  s i g n a l  ) 
T i g h t e r  c a l i b r a t i o n  t o l e r a n c e s  t o  
m i n i m i z e  v e r t i c a l  s i g n a l  o s c i l l a t i o n s  
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T E S T  E Q U I P M E N T  
A i r c r a f t  
A r e p r e s e n t a t i v e  f o u r  eng ine  j e t  t r a n s p o r t  was r e q u i r e d  t o  
p r o v i d e  t h e  e v a l u a t i o n  p i l o t s  w i t h  an o p e r a t i o n a l  c o c k p i t  e n v i -  
ronment.  An AA Boefng 720-023B was chosen f o r  t h i s  purpose. 
T h i s  a i r c r a f t  i s  t y p i c a l  of t h e  numerous 707 t y p e ,  and o t h e r ,  
f o u r  e n g i n e  j e t  a t r c r a f t  i n  commercial  s e r v i c e  a t  t h e  p r e s e n t  
t ime .  Except  as n o t e d  below, none o f  t h e  c o c k p i t  i n s t r u m e n t a -  
t i o n ,  a i r c r a f t  systems, o r  mechan ica l  f e a t u r e s  were a l t e r e d  f o r  
t h i s  e v a l u a t i o n  program. A pho tog raph  o f  t h e  e v a l u a t i o n  a i r -  
c r a f t ,  N7545A, i s  shown i n  f i g u r e  1. I t  i s  a 109 passenger v e r -  
s i o n  o f  t h e  s t a n d a r d  Boe ing  720 model.  Maximum t a k e o f f  g ross  
w e i g h t  i s  221,000 pounds, and maximum l a n d i n g  g r o s s  w e i g h t  i s  
175,000 pounds. 
The a i r c r a f t  was f u e l e d  d a i l y  a t  M o f f e t t  F i e l d ,  C a l i f o r n i a .  
The a i r c r a f t  n o r m a l l y  weighed 175,000 pounds a t  t h e  b e g i n n i n g  o f  
t h e  s i x t h  approach and 160,000 pounds a t  t h e  end o f  t h e  t w e l f t h  
approach. T h i s  r e s u l t s  i n  a 2000 - pound w e i g h t  r e d u c t i o n  f o r  
each approach. 
The a i r c r a f t  was f l o w n  d u r i n g  t h e  e v a l u a t i o n  under  t h e  
s t a n d a r d  FAA e x p e r i m e n t a l  c e r t i f i c a t e  shown i n  f i g u r e  2 i n  o r -  
d e r  t o  t x p e d i t e  i n s t a l l a t i o n  a p p r o v a l  o f  t h e  m o d i f i e d  t w o  seg-  
ment a v i o n i c s  equipment.  A copy o f  t h e  FAA o p e r a t i n g  a p p r o v a l  
l e t t e r  i s  shown i n  f i g u r e  3 .  I n  s p i t s  o f  t h i s  exped iency  t h e  
r e q u i r e d  a v i o n i c s  were i n s t a l l e d  i n  accordance w i t h  normal 
a i r l i n e  p r a c t i c e  t o  i n s u r e  comp l iance  w i t h  e v a l u a t i o n  program 
o b j e c t i v e s .  (See A v i o n i c s  S e c t i o n  below. ) 
The q n l y  o t h e r  e x c e p t i o n  t o  a normal a i r l i n e  c o n f i g u r a t i o n  
was thP passenger c a b i n  s e a t i n g  arrangement o f  o n l y  34 s e a t s .  
The f i r s t  two rows o f  f i r s t  c l a s s  s e a t s  on t h e  l e f t  s i d e  were 
removed f o r  i n s t a l l a t i o n  o f  t h e  a i r b o r n e  d a t a  r e c o r d i n g  e q u i p -  
ment. (See A i r b o r n e  D a t a  Measurement S e c t i o n  be low. )  The 
coach s e c t i o n  was l e f t  v a c a n t  e x c e p t  f o r  a second s e c t i o n  d i -  
v i d e r  ?nd two rows o f  s e a t s  i n  t h e  a f t  end. T h i s  was done t o  
p r o v i d e  a d i v e r s e  c h o i c e  o f  s e a t i n g  f o r  t h e  f l i g h t  o b s e r v e r s .  
(.;ee Passenger E v a l u a t i o n  S e c t i o n  be low. )  A schemat i c  o f  t h e  
e v a l u a t i i v  a i r c r a f t  i n t e r i o r  i n c l u d i n g  s e a t  number> i s  shown 
ii, f i a u r e  4. 
A removable 804 square  c e n t i m e t e r  r a d a r  c o r n e r  r e f l e c t o r  
w.-s mounted on t h e  u n d e r s i d e  r f  t h e  f u s e l a g e  and f o r w a r d  o f  
"he  nose l a n d i n g  gear  d u r i n g  t h e  f l y i n g  i n  C a l i f o r n i a .  T h i s  
was done t o  improve p r e c i s i o n  o f  t h e  t r a c k i n g  r a d a r  d a t a .  I t  
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wds des igned f o r  a maximum a i r s p e e d  of  300 k n o t s .  A r e s t r - i c t i o r ,  
p l a c a r d  t o  t h i s  e f f e c t  was mounted on t h e  p i l o t ' s  f l i g h t  i R 7 t t - u -  
ment p a n e l .  
A l l  n o r m a l l y  r e q u i r e d  a i r c r a f t  ma in tenance  was pe r fo rmed  
by AA mechanics t h r o u g h o u t  t h e  f l i g h t  e v a l u a t i o n .  Except  f o r  
t h e  m o d i f i e d  a v i o n i c s  equipment t h e  a i r c r a r t  was m a i n t a i n e d  and 
o p e r a t e d  as i f  t h e  a i r c r a f t  were f l y i n g  i n  schedu led  s e r v i c e .  
Eng i nes 
i y p i c a l  P r a t t  & Whi tney  A i r c r a f t  JT3D-1/38 f a n  j e t  eng ines  
were mounted on t h e  e v a l u a t i o n  a i r c r a f t .  The 38 model eng ines  
f o r  t h e  AA 720s a r e  downtrimmed t o  17,000 pounds g r o s s  t h r u s t .  
AA e n g i n e  s e r i a l  numbers w i t h  t h e  1 2 t h  s t a g e  b l e e d  a i r  m o d i f i -  
c a t i o n  were d e l i b e r a t e l y  chosen. I n  a d d i t i o n ,  eng ines  w i t h  
a p p r o x i m a t e l y  150 f l i g h t  hou rs  and 600 c y c l e s  r e m a i n i n g  b e f o r e  
o v e r h a u l  were d e l i b e r a t e l y  chosen. These d e l i b e r a t e  c h o i c e s  
were made i n  an e f f o r t  t s  r e a l i z e  t h e  w o r s t  case e f f e c t s  o f  
maximum e n g i n e  power e x t r a c t i o n ,  and o l d  e n g i n e  power response 
d u r i n g  t h e  u p p e r - t o - l o w e r  segment t r a n s i t i o n  maneuver i n  t h e  two-  
segment p r o f  i 1 e .  
A i r b o . n e  N a v i g a t i o n  and Guidance 
F l i g h t  Deck M o d i f i c a t i o n s  
The c a p t a i n ' s  normal 8720-0238 i n s t r u m e n t  panel  was mod- 
i f i e d  t o  accommodate t h e  i n s t r u m e n t s  r e q u i r e d  'co implement tile 
s i n g l e  system i n s t a l l a t i o n .  Tk,e m o d i f i e d  pane l  :s snown i n  
f i g u r e  5. Panel rework  i n c l u d e d  r e p l a c i n g  a C o l l i n s  FD-105 
w i t h  t h e  C o l l i n s  FD-108 i n d i c d t o r s  ( A D 1  & CDI) d e s c r i b e d  i n  
append ix  A.  
A t  oanei  c e n t e r ,  d i r e c t l y  be low t h e  C D I ,  a t h r e e  p o s i t i o n  
t i a v i g a t i o n  Moae S e l e c t o r  S w i t c h  was i n s t a l l e d  w i t h  t h e  f o l l o w i n g  
posi t i o n s / l  egend : 
POS 1 - NORMAL 
POS 2 - RNAV 
POS 3 - RNAV/ILS 
A s p e c i a l  Approach Prog ress  D i s p l a y  I n d i c a t o r  was i n s t a l l e d  
i n  t h e  upper r i g h t - h a n d  c o r n e r  o f  t h e  pane l  t o  p r o v i d e  annunc ia -  
t i o n  i n  a l l  t h r e e  n a v i g a t i o n  modes, and a n t i c i p a t i o n  cues f o r  t h e  
a t t i t u d e  changes r e q u i r e d  t o  f o l l o w  a two-segment p r o f i l e .  The 
Approach Prog ress  D i s p l a y  i s  i l l u s t r a t e d  i n  f i g u r e  6.  
I I, 
F u r t h e r  m o d i f i c a t i o n  o f  t h e  i n s t r u m e n t  pane l  w i r i n g  f o r  
t h e  two RNAV modes a l l o w e d  p r e s e n t a t i o n  o f  RNAV-generated: 
d i s t a n c e  t o  waypo in t  i n  t h e  DME window o f  t h e  C D I ;  magne t i c  
" b e a r i n g  t o  w a y p o i n t "  i n  p l a c e  o f  " b e a r i n g  t o  V O R "  on t h e  No. 
1 R M I  need le ;  and v e r t i c a l  t r a c k  d e v i a t i o n  on t h e  A D 1  raw d a t a  
s c a l e s .  P i t c h  command f o r  t h e  RNAV g l i d e  s l o p e  was d i s p l a y e d  
on t h e  A D 1  p i t c h  command b a r s .  I L S  r o l l  command was d i s p l a y e d  
on t h e  AD1 r o l l  command ba rs .  
AD1 and C D I  r a w  d a t a  s c a l e s ,  and ILS  g l i d e  s l o p e  v e r t i c a l  de- 
v i a t i o n  was d i s p l a y e d  on t h e  C D I  raw d a t a  s c a l e  t h r o u g h o u t  t h e  
two-segment RNAV/ILS mode. 
I L S  l o c a l i z e r  c r o s s t r a c k  d e v i a t i o n  was d i s p l a y e d  on t h e  
The T u r n  and Bank I n d i c a t o r  a t  t h e  l o w e r  l e f t  on t h e  
pane l  was r e p l a c e d  w i t h  a L e a r - S i e g l e r  b a r o - c o r r e c t e d  a1 t i -  
mete r  t h a t  p r o v i d e d  d u a l - s y n c h r o  a l t i t u d e  i n p u t  t o  t h e  v e r -  
t i c a l  gu idance  p o r t i o n  o f  t h e  3D-RNAV system. 
A B u t l e r - N a t i o n a l  Symbol ic  P i c t o r i a l  I n d i c a t o r  ( S P I )  was 
l o c a t e d  i n  t h e  l o w e r  r i g h t - h a n d  s e c t i o n  o f  t h e  pane l .  The 
S P I  c r o s s p o i n t e r s  d i s p l a y  RNAV-generated c r o s s t r a c k  d e v i a t i o n  
f rom t h e  d e s i r e d  t r a c k  and a l o n g t r a c k  d i s t a n c e  t o  t h e  RNAV way- 
p o i n t .  Magne t i c  head ing  o f  t h e  d e s i r e d  a i r c r a f t  t r a c k  i s  s e t  
i n t o  t h e  window a t  t h e  t o p .  A c t u a l  a i r c r a f t  head ing  i s  i n d i -  
c a t e d  by t h e  r o t a t i n g  a i r c r a f t  symbol i n  t h e  c e n t e r  o f  t h e  S P I .  
T h i s  i n s t r u m e n t  a l s o  i n c l u d e s  a a n n u n c i a t o r  o f  t h e  c r o s s p o i n t e r  
s c a l e  s e l e c t e d  on t h e  R N A V  c o n t r o l  pane l ,  and a v a l i d i t y  f l a g  
f o r  t h e  RNAV i n f o r m a t i o n  d i s p l a y e d .  
A v a i l a b l e  space i n  t h e  c e n t e r  c o n s o l e  a l l o w e d  r e a r r a n g e -  
ment f o r  i n s t a l l a t i o n  o f  t h e  B u t l e r - N a t i o n a l  V e c t o r  Analog Com- 
p u t e r  (VAC) c o n t r o l  pane l  and B u t l e r - N a t i o n a l  Ascent-Descent  
D i r e c t o r  (ADD)  c o n t r o l  pane l  i n  an a rea  e a s i l y  a c c e s s i b l e  t o  
t h e  p i l o t  f o r  3D-RNAV system c o n t r o l .  The V A C / A D D  c o n t r o l  pane ls  
a r e  d e s c r i b e d  f u r t h e r  i n  append ix  B. 
Because t h e  e v a l u a t i o n  r e q u i r e d  o n l y  one system f o r  t h e  
l e f t  s e a t  occupant ,  t h e  F i r s t  O f f i c e r ' s  pane l  was r e t a i n e d  i n  
t h e  s t a n d a r d  C o l l  i n s  FD-105 c o n f i g u r a t i o n .  The o n l y  d e v i a t i o n  
f r o m  t h e  s t a n d a r d  720 c o n f i g u r a t i o n  was i n s t a l l a t i o n  o f  a sec-  
ond DME. 
A d d i t i o n a l  c i r c u i t  b r e a k e r s  were i n s t a l l e d  i n  t h e  appro-  
p r i a t e  c o c k p i t  power pane ls  t o  p r o v i d e  f o r  ac and dc r e q u i r e -  
ments o f  t h e  f o l l o w i n g  s i t e m s :  
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1 )  C o l l i n s  FD-108 F l i g h t  Guidance System 
2 )  B u t l e r - N a t i o n a l  3 D  Area N a v i g a t i o n  System 
3 )  L e a r - S i e g l e r  B a r o - C o r r e c t e d  A l t i m e t e r  
4 )  B a t t e l l e  A i r b o r n e  Data Recorder  System 
RNAV t o  F l i g h t  D i r e c t o r  I n t e r f a c e  
RNAV g l i d e  s l o p e  i s  i n i t i a t e d  by  a d i s c r e t e  28V dc s i g n a l  f r o m  
t h e  ADD p o r t i o n  o f  t h e  RNAV system. The ADD had an a d j u s t a b l e  
f e a t u r e  f o r  s e t t i n g  t h e  RNAV g l i d e  s l o p e  a l t i t u d e  d e v i a t i o n  
where t h i s  d i s c r e t e  s i g n a l  wou ld  o c c u r .  Bench t e s t  a d j u s t -  
ments were p o s s i b l e  o v e r  an a l t i t u d e  d e v i a t i o n  range  o f  60 t o  
600 f e e t  t h r o u g h  a 2 0 - t u r n  p o t e n t i o m e t e r  i n  t h e  ADD computer.  
Approach Prog ress  D i s p l  ay 
A s t a n d a r d  i n d i c a t o r  l i g h t  assembly ( u t i l i z e d  by American 
A i r l i n e s  as t h e  approach p r o g r e s s  d i s p l a y  i n d i c a t o r  on t h e  CAT 
I1 Boeing 727-023 f l e e t )  was m o d i f i e d  t o  i n d i c a t e  t;le unusua l  
sequence o f  t h e  two-segment approach. T h i s  a d a p t a t i o n  was 
f a c i l i t a t e d  by t h e  s t r u c t u r e  o f  t h e  assembly wh ich  i s  f o u r  
d u a l  lamp (AMBER o r  G R E E N )  s e c t i o n s  i n  a v e r t i c a l  row w i t h  
i n d i v i d u a l  l egend  caps f o r  each s e c t i o n .  Legend caps were 
r e a r r a n g e d  and engraved t o  p r e s e n t  an a p p r o p r i a t e  p r o g r e y s  
sequence and nomenc la tu re .  The d i s p l a y  and legend  w i t h  re -  
marks p e r t i n e n t  t o  t h e  approach s t a t u s  a r e  i l l u s t r a t e d  i n  f i g -  
u r e  6. 
Below beam f l i g h t  d i r e c t o r  c a p t u r e  o f  t h e  upper  segment 
E 1 ec t ro n i c Com pa r tme n t Req u i r e m  en t s 
M a j o r  a v i o n i c s  equipment u n i t s  i n c l u d e  t h e  f o l l o w i n g :  
F 1  i q h t  D i r e c t o r  System 3D-RNAV System 
FD-108 S t e e r i n g  Computer V e c t o r  Analog Computer ( V A C )  
FU-108 I n s t r u m e n t  Amp1 i f i e r  Ascent /Descent  D i r e c t o r  Com- 
p u t  e r  (ADD ) 
V A C  S w i t c h i n g  U n i t  
These u n i t s  a r e  d e s c r i b e d  f u r t h e r  i n  append ix  A and append ix  6 .  
The i n s t a l l e d  FD-108 I n s t r u m e n t  A m p l i f i e r ,  V e c t o r  Analog 
Computer, and VAC S w i t c h i n g  U n i t  were u n m o d i f i e d  s t a n d a r d  ven- 
d o r  c o n f i g u r a t i o n s .  The C o l l i n s  FD-108 S t e e r i n g  Computer and 
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t h e  B u t l e r - N a t i o n a l  Ascent-Descent  D i r e c t o r  Computer r e -  
q u i r e d  m o d i f i c a t i o n s  a t  t h e  vendors '  f a c i l i t i e s .  These 
m o d i f i c a t i o n s  a r e  d i s c u s s e d  i n  d e t a i l  below. 
These u n i t s  were mounted on a s h e l f  f a b r i c a t e d  by  
American A i r l i n e s  and i n s t a l l e d  i n  an a rea  i m m e d i a t e l y  f o r -  
ward o f  t h e  r o s e  wheel w e l l .  T h i s  l o c a t i o n  a f f o r d e d  con-  
v e n i e n t  access t h r o u g h  t h e  nose compartment ha tch .  An a rea  
was a l s o  r e q u i r e d  f o r  t h e  e x t e n s i v e  i n t e r f a c e  and s w i t c h i n g  
r e q u i r e m e n t s  o f  t h e  program. T h i s  a r e a  was l i m i t e d  i n  space, 
and m i n i a t u r e  t e r m i n a l  b l o c k s  were r e q u i r e d  t o  accommodate 
t h e  numerous t e r m i n a t i o n .  Mode s e l e c t i o n  s i g n a l  s w i t c h i n g  
and t h e  segment i n f o r m a t i o n  s w i t c h i n g  was accompl ished by  r e -  
l a y s  mounted i n  t h e  same area.  Equipment l o c a t i o n  on t h e  
s h e l f  i s  i l l u s t r a t e d  i n  f i g u r e  7. 
r e q u i r e d  s e v e r a l  s c a l e  and s e n s i t i v i t y  a d j u s t m e n t s  d u r i n g  t h e  
p r o j e c t  p i l o t  p o r t i o n  o f  t h e  f l i g h t  program. The f i n a l  s c a l e  
s e n s i t i v i t i e s  a r e  shown i n  f i g u r e  50 and were f l o w n  by a l l  t h e  
g u e s t  p i l o t s .  
A second DME I n t e r r o g a t o r  was a l s o  i n s t a l l e d  i n  t h e  e x i s t -  
i n g  p r o v i s i o n s  on t h e  r i g h t  hand r a d i o  r a c k  i n  t h e  e l e c t r o n i c s  
equipment  compartment.  The antenna f o r  t h i s  system was l o c a t e d  
on an e x i s t i n g  mount p r o v i s i n n  a t  t h e  t o p  o f  t h e  c o c k p i t .  The 
second DME system i s  n o t  r e q u i r e d  f o r  t h i  a p p l i c a t i o n ,  b u t  i s  
v a l u a b l e  i n  p r o v i d i n g  a c ross -check  on t h t  v a l i d i t y  o f  t h e  
C a p t a i n ' s  RNAV-generated d i s t a n c e  t o  waypo in t  i n f o r m a t i o n .  
The v e r t i c a l  t r a c k  d e v i a t i o n  i n f o r m a t i o n  o f  t h e  RNAV system 
F1 i g h t  D i r e c t o r  V a r i a b l e s  
A s  p r e v i o u s l y  no ted ,  American A i r l i n e s  engaged C o l l i n s  
Radio t o  a s s i s t  i n  development  o f  t h e  f l i g h t  d i r e c t o r  m o d i f i -  
c a t i o n s  f o r  two-segment approaches.  D u r i n g  i n i t i a l  s e s s i o n s  
w i t h  C o l l i n s ,  i t  was e s t a b l i s h e d  t h a t  v e r y  l i t t l e  was known 
about  t h e  f l i g h t  dynamics o f  l a r g e  a i r c r a f t  d u r i n g  two-segment 
approaches. T h e r e f o r e ,  a l l  a d j u s t a b l e  parameters  i n  t h e  p i t c h  
s t e e r i n g  computer  were t o  be e a s i l y  changed by  external means. 
The i n t e n t  was t o  a l l o w  o p t i m i z a t i o n  o f  t h e  v a l u e  o f  p i t c h -  
down b i a s  i n  t h e  p i t c h  command s i g n a l  a t  i n t e r c e p t i o n  o f  t h e  
RNAV g l i d e s l o p e ,  and t h e  d e v i a t i o n  l e v e l  f o r  i n i t i a t i n g  p i t c h -  
up c a p t u r e  of t n e  I L S  g l i d e  s lope .  T h i s  o p t i m i z a t i o n  s t a r t e d  
d u r i n g  t h e  f l i g h t  s i m u l a t o r  work a t  Amer ican 's  G r e a t e r  South-  
west  (GSW) f a c i l i t y ,  and was comple ted  a f t e r  t h e  f i r s t  week a t  
S t o c k t o n  f l y i n g .  
One C o l l i n s  FD-108 s t e e r i n g  computer  was m o d i f i e d  t o  a l l o w  
e x t e r n a l  r e s i s t a n c e  changes t h r o u g h  two decade r e s i s t o r  boxes. 
The decade boxes a l l o w e d  changes ove r  t h e  parameter  ranges  shown 
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i n  f i g u r e  51. The r e s i s t a n c e  decades were i n s t a l l e d  i n  t h e  
a f t  f l o o r  o f  t h e  c o c k p i t  and w i r e d  t o  t h e  p i t c h  s t e e r i n g  com- 
p u t e r ,  a l l o w i n g  a i r b o r n e  a d j u s t m e n t  between approaches.  T h i s  
c o n f i g u r a t i o n  was r e t a i n e d  t h r o u g h o u t  t h e  program due t o  t h e  
f l e x i b i l i t y  a v a i l a b l e  f o r  p r o f i l e s  o t h e r  t h a n  t h e  b a s e l i n e .  
Adequate a d j u s t m e n t  f o r  a v a r i e t y  of p r o f i l e s  was ac-  
comp l i shed  w i t h  t h e  decade boxes. The b a s e l i n e  p r o f i l e  ( 6 '  t o  
400 f t )  r e q u i r e d  a l o o  p i t ch -down  b i a s  a t  upper  segment i n t e r -  
c e p t  and a 1 5 0 A a  d e v i a t i o n  f o r  i n i t i a t i o n  o f  t h e  me te r  changes; 
t h e  same 60 upper  segment i n t e r c e p t  o f  t h e  I L S  g l i d e  s l o p e  a t  
800 f e e t  r e q u i r e d  a r e d u c t i o n  i n  d e v i a t i o n  t o  a p p r o x i m a t e l y  7 5  
e a .  Upper segment g l i d e  s l o p e  a n g l e  v a r i a t i o n s  r e q u i r e d  changes 
i n  t h e  p i t ch -down  b i a s  i n  d i r e c t  p r o p o r t i o n  t o  t h e  descen t  
a n g l e  s e l e c t i o n .  The d e v i a t i o n s  t o  i n i t i a t e  c a p t u r e  o f  I LS  
g l i d e  s l o p e  f r o m  above t h e  beam c e n t e r l i n e  may be r o u g h l y  
s t a t e d  as i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  i n t e r c e p t  a l t i t u d e .  
Vendor Equipment M o d i f i c a t i o n s  
C o l l i n s  Radio Company, a s s i s t e d  by  t h e  AA A v i o n i c s  Eng in-  
e e r i n g  s t a f f ,  deve loped a m o d i f i c a t i o n  t o  t h e  s t a n d a r d  AA FD- 
108 S t e e r i n g  Computer, P / N  522-3121-195, t h a t  wou ld  accomp l i sh  
t h e  p e c u l i a r  r e q u i r e m e n t s  o f  t h i s  program. 
A summary o f  t h e  m o d i f i c a t i o n  package f o r  t h e  s t e e r i n g  
computer i s  as f o l l o w s :  
Rev ise  " G / S  Captu re "  f u n c t i o n  t o  a l l o w  approach f r o m  a -  
bove ILS g l i d e  s l o p e  beam c e n t e r .  I n c l u d e  a p r e v i s i o n  
f o r  decade box a d j u s t m e n t  o f  p i t c h - u p  c a p t u r e  i n i t i a t i o n  
a t  any d e v i a t i o n  above t h e  I L S  G/S c e n t e r l i n e  between 50 
and 200 microamperes.  
P r o v i d e  f o r  u t i l i z a t i o n  o f  t h e  Ascent -Descent  D i r e c t o r  
(ADD)  v e r t i c a l  d e v i a t i o n  o u t p u t  (ac v o l t a g e )  a s  an a l t i -  
t ude  e r r o r  s i g n a l  t o  t h e  A l t i t u d e  Ho ld  s e c t i o n  o f  t h e  FD- 
108 s t e e r i n g  computer .  
Implement  a method f o r  p r e s e n t a t i o n  o f  command gu idance  
i n f o r m a t i o n  d u r i n g  t h e  c u r v e d  t r a n s i t i o n  fro,n l e v e l  
f l i g h t  t o  t h e  upper-segment g l i d e  shown. I n c l u d e  a p r o -  
v i s i o n  f o r  decade b8x a d j u s t m e n t s  o f  p i t c h  ove r  command 
a u t h o r i t y  between 1 and 12'. 
The B u t l e r - N a t i o n a l  Ascent-Descent  D i r e c t o r ,  P / N  001021- 
101, r e q u i r e d  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  
Conver t  t h e  A /P-FD v e r t i c a l  d e v i a t i o n  o u t p u t  t o  a l t e r n a t -  
i n g  c u r r e n t  s i g n a l  i n  same fo rm as an a l t i t u d e  e r r o r  s i g -  
n a l  f r o m  t h e  a i r  d a t a  system. 
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(2) M o d i f y  t h e  a l t i t u d e  w a r n i n g  c i r c u i t  t o  p r e s e n t  a 28V dc 
d i s c r e t e  s i g n a l  p r i o r  t o  i n t e r s e c t i o n  w i t h  t h e  upper  seg- 
ment RNAV g i i d e  s l o p e .  T r i p  p o i n t  f o r  t h i s  s i g n a l  t o  be 
a d j u s t a b l e  d u r i n g  bench c a l i b r a t i o n  between 60 an3 600 
f e e t  v e r t i c a l  d i s t a n c e  f r o m  t h e  upper  segment R N A V  g l i d e  
s l o p e .  
( 3 )  D u r i n g  t h e  f l i g h t  t e s t  phase a t  r u l s a ,  an a d d i t i o n a l  mod- 
i f i c a t i o n  t o  t h e  system was necessa ry  t o  p r e v e n t  f l u c t u a -  
t i o n s  i n  t h e  v e r t i c a l  t r a c k  d e v i a t i o n  o u t p u t - - r e f l e c t e d  
i n  b o t h  t h e  v e r t i c a l  raw d a t a  and p i t c h  s t e e r i n g  command 
p r e s e n t a t i o n  on t h e  A D I  d u r i n g  upper  segment g l i d e  s l o p e  
t r a c k i n g .  E x h a u s t i v e  t e s t i n g  f i n a l l y  i s o l a t e d  t h e  sou rce  
o f  f l u c t u a t i o n  t o  t h e  a i r c r a f t  s t r u c t u r e  g round p o t e n t i a l  
v a r i a t i o n s  ( i . e .  n o i s y  g round)  c o u p l e d  t h r o u g h  grounded 
r e f e r e n c e  a m p l i f i e r s  i n  t h e  v e r t i c a l  t r a c k  d e v i a t i o n  com- 
p u t e r  s e c t i o n .  The r e f e r e n c e  f o r  t h e  a m p l i f i e r s  was 
changed f r o m  ground p g t e n t i a l  t o  a r e g u l a t e d  1OV dc bus 
e f f e c t i v e l y  e l i m i n a t i n g  t h e  p e r c e p t i b l e  v e r t i c a l  t r a c k  
d e v i  a t  i o n  f 1 u c t u a  t i  on. 
F l i g h t  I n s t r u m e n t  S w i t c h i n q  
S i g n a l  i n t e r f a c e s  f o r  t h i s  i n s t a l l a t i o n  produced an un- 
usua l  i n f o r m a t i o n  s w i t c h i n g  s i t u a t i o n .  A s i m p l i f i e d  s i n g l e  
l i n e  d iag ram o f  t h e  s i g n a l  i n t e r f a c e s  and s w i t c h i n g  l o g i c  i s  
shown i n  f i g u r e  8. 
c o c K p i t  by means o f  t h e  N a v i g a t i o n  Mode S e l e c t o r  (a t h r e e -  
p o s i t i o n  r o t a r y  s w i t c h ) .  W i t h  r e f e r e n c e  t o  f i g u r e  8, t h e  a l t e r -  
n a t e  p o s i t i o n s  o f  t h e  mode s e l e c t o r  s w i t c h  a r e  as f o l l o w s :  
N a v i g a t i o n  mode i s  m a n u a l l y  s e l e c t e d  by  t h e  p i l o t  i n  t n e  
NORMAL Mode: A l l  r e l a y s  d e - e n e r g i z e d .  
A11 r a w  d a t a  and i n s t r u m e n t  sou rces  r o u t e d  t h r o u g h  no rma l -  
c l o s e d  c o n t a c t s  o f  r e l a y s  as i n  s t a n d a r d  a i r c r a f t  c o n f i g -  
u r a t i o n .  No. 1 N A V  r e c e i v e r  and DME i n f o r m a t i o n  a r e  
p r i m a r y  s i g n a l s  a v a i l a b l e  t o  a u t o p i l o t  ( A / P ) ,  f l i g h t  
d i r e c t o r ,  and c o c k p i t  d i s p l a y s .  
R N A V  Mode: Re lays  K2 and K 1  (K4 d e - e n e r g i z e d )  a r e  a c t u a t e d ;  
a l l  i n f o r m a t i o n  d i s p l a y e d  and r o u t e d  t o  A / P  and S t e e r i n g  
Computer a r e  o u t p u t s  o f  t h e  R N A V  V A C  and ADD u n i t s .  
RNAVIILS Mode: Re lays  K 3  and K 1  ( K 4  n o t  g rounded)  a r e  
e n e r g i z e d .  L o c a l i z e r  c r o s s t r a c k  d e v i a t i o n  i n f o r m a t i o n  i s  
d i s t r i b u t e d  f r o m  t h e  VOR/LOC o u t p u t  o f  t h e  No. 2 NAV r e -  
c e i v e r ,  and v e r t i c a l  t r a c k  d e v i a t i o n  f r o m  t h e  ADD i s  
u t i 1  i z e d  f o r  upper  segment p r e s e n t a t i o n s  and c o m p u t a t i o n s ,  
e x c e p t  G/S d e v i a t i o n  f rom No. 2 N A V  r e c e i v e r  i s  m a i n t a i n e d  
on  t h e  C D I  v e r t i c a l  d e v i a t i o n  raw d a t a  n e e d l e .  T h i s  f e a t u r e  
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a l l o w s  c o n t i n u o u s  m a - i i t o r i n g  o f  d i r c r a f t  d i s p l a c e m e n t  
f r o m  I L S  G/S c e n t e r l i n e  t h r o u g h o u t  t h e  two-segment m a n -  
euver .  
A t  t h e  p o s i t i o n  t h a t  G / S  d e v i a t i o n  (above beam) has de-  
c reased  t o  t h e  a p p r o p r i a t e  l e v e l  t o  i n i t i a t e  G/S C A P T U R E  
c o m p u t a t i o n s  f o r  t h e  I L S  G / S  t r a c k  p o r t i o n  o f  t h e  approach 
r e l a y  K 4  i s  grounded by  t h e  S t e e r i n g  Cvmputer l o g i c .  K1 
i s  d e - e n e r g i z e d  t o  r e t u r n  a l l  c o c k p i t  d i s p l a y  and gu idapce  
i n f o r m a t i o n  t o  t h e  No. 2 NAV r e c e i v e r .  
The No. 1 NAV r e c e i v e r  must be tuned  t o  a VOR s t a t i o n  and 
f u r n i s h i n g  VOR/DME t o  RNAV u n t i l  t h e  upper  segment has 
been comple ted .  No. 2 NAV r e c e i v e r  f u r n i s h e s  LOC and G/S 
i n f o r m a t i o n  t h r o u g h o u t  t h e  two-segment approach.  
O p e r a t i o n  D u r i n g  Two-Segment Approach 
t h e  c o r r e s p o n d i n g  Approach Prog ress  D i s p l a y  I n d i c a t i o n  sequence 
a r e  i l l u s t r a t e d  i n  f i g u r e  9. Phase a, ENROUTE 3D-RNAV, r c -  
p r e s e n t s  s e l e c t i o n  o f  t h e  " p u r e "  RNAV mode p r i o r  t o  s t a r t  o f  
t h e  approach.  See f i g u r e  IO f o r  s i g n a l  i n t e r f a c e s  d u r i n g  
Phase a. Dl t r i ng  t h e  F i n a l  p o r t i o n  o f  Phase a, c o c k p i t  
p r e p a r a t i o n  i n c l u d e s  t u n i n g  NAV #1 r e c e i v e r  t o  t h e  f i n a l  apA 
p roach  V O R T A C  and e s t a b l i s h i n g  an  upper  segment RNAV g l i d e  
s l o p e  w a y p o i n t  ( V O R  b e a r i n g  and DME d i s t a n c e  s e l e c t i o n  on t h e  
V A C  C o n t r o l  P a n e l )  on t h e  runway c e n t e r l i n e .  I n  a d d i t i o n ,  NAV 
12 r e c e i v e r  i s  t u n e d  t o  t h e  l o c a l  I L S  f r e q u e n c y .  
The t h r e e  d i s c r e t e  phases o f  t h e  two-segment w o f i l e ,  and 
The ADD i s  programmed f o r  t h e  d e s i r e d  d e s c e n t  a n g l e  b y  
s e l e c t i o n  o f  a n g l e  s e t  on t h e  ADD C o n t r o l  Pane l .  A t  app rox -  
i m a t e l y  10 n a u t i c a l  m i l e s  f r o m  w a y p o i n t  ( d i s t a n c e  t o  w a y p o i n t  
i s  b e i n g  d i s p l a y e d  i n  DME window o f  t h e  C D I ) ,  t h e  p i l o t  r o -  
ta te ;  t h e  N A V  Mode S e l e c t o r  f r o m  t h e  RNAV p o s i t i o n  t o  t h e  
? h V / I L S  p o s i t i o n  t o  i n i t i a t e  Phase a o f  t h e  two-segment ap-  
proach.  
Phase a, 3D-RNAV/LOC M I X ,  a l l o w s  a l l  l a t e r a l  c o n t r o l  and 
gu idance  t o  be p r e s e n t e d  f rom t h e  No. 2 NAV LOC d e v i a t i o n .  See 
f i g u r e  11 f o r  s i g n a l  i n t e r f a c e s  d u r i n g  Phase a. The A D 1  r o l l  
s t e e r i n g  command w : l l  t r a c k  t h e  l o c a l i z e r  and /o r  t h e  a u t o p i l o t  
may be engaged i n  t h e  VORjLOC mode. L O C  raw d a t a  d e v i a t i o n  w i l l  
be d i s p l a y e d  on t h e  A D 1  and C D I .  S i m u l t a n e o u s l y  t h e  v e r t i c d l  
raw d a t a  has been d i v i d e d  between I L S  G/S raw d a t a  on t h e  C D I  
and R N A V  v e r t i c a l  t r a c k  d e v i a t i o n  on  t h e  A D I .  
The p i t c h  s t e e r i n g  s i g n a l  i s  m a i n t a i n e d  a t  z e r o  u n t i l  t h e  
f o l l o w i n g  e v e n t s  o c c u r :  When t h e  a i r c r a f t  reaches  a p r e s c r i b e d  
v e r t i c a l  d i s t a n c e  between t h e  a i r c r a f t  and t h e  upper  segment 
R N A V  g l i d e  s l o p e  c e n t e r l i n e  a 28V dc  d i s c r e t e  s i g n a l  f rom t h e  
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ADD i s  a p p l i e d  t o  t h e  s t e e r i n g  computer .  T h i s  s i g n a l  a c t i -  
v a t e s  t h e  p i t c h  command b a r s ,  t h e  A l t i t u d e  Ho ld  mode on 'he 
F l i g h t  D i r e c t o r ,  and i n s e r t s  a 15-second wash-out  p i t ch -down  
b i a s  c o n c u r r e n t l y .  T h i s  method a l l o w s  zln a s y m p t o t i c  c a p t u r e  
o f  t h e  upper  segment c e n t e r l i n e .  
The a i r c r a f t  t h e n  proceeds down t h e  RNAV-generated upper  
segment g l i d e  s l o p e  i n  p u r e  a l t i t u d e  h o l d  o p e r a t i o n .  The e r -  
r o r  s i g n a l s  a r e  produced by d e v i a t i o n  f rom t h e  upper  segment 
g l i d e  s l o p e  as computed i n  t h e  ADD. D u r i n g  t h e  l a t t e r  p o r -  
t i o n  o f  Phare a, t h e  1000- foc t  t r i p  o f  t h e  r a d i o  a l t i m e t e r  
p r o v i d k s  t h e  d i s c r e t e  s i g n a l  t o  rearm t h e  F l i g h t  D i r e c t o r  f o r  
ILS G/S c a p t u r e  f r o m  above. T h i s  i n t e r f a c e  w a s  c o n f i r m d  t o  
be u n s a t i s f s c t o r y  a t  1500 f e e t  due t o  i n a d v e r t e n t  c a p t u r e s  o f  
s p u r i o u s  g l i d e  s l o p e  t r a n s m i t t e r  l o b e s .  
I L S  G/S - L O C ,  i s  i n i t i a t e d  when t h e  S t e e r i n g  Comp - serlses 
down" l e v e l .  See f i g u r e  12 f o r  s i g n a l  i n t e r f a c e s  ''5 Ph?se a. T h i s  phase i s  n o t  a s t a n d a r d  p r e s e n t a t i o n .  i t  f s  
d i f f e r e n t  o n l y  i n  t h e  sense t h a t  G/S and LOC i n f o r m a t i o n  a r e  
b e i n g  f u r n i s h e d  t o  t h e  c a p t a i n ' s  i n s t r u m e n t s  and f l i g h t  con-  
t r o l s  f r o m  t h e  No. 2 NAV r e c e i v e r .  
The t r a n s i t i o n  between Phase and Phase ,z, i!OkMAL 
t h e  decay o f  ILS g l i d e  s l o p e  d e v i a t i o n  t o  a p r e s c i  I' F1 y -  
A t  i n i t i a t i o n  o f  Phase a, t h e  A l t i t u d e  Ho ld  mode G n  the 
F l i g h t  D i r e c t o r  i s  d i s a b l e d  and t h e  G l i d e  S lope " c a p t u r e  f r o m  
above" i n f o r m a t i o n  i s  f u r n i s h e d  t o  t h e  S t e e r i n g  Command oa rs .  
T h i s  " c a p t u r e  f rom above" scheme u t i l i z e s  a method s i m i l a r  t o  
t h e  upper  segment c a p t u r e .  A p i t c h - u p  b i a s  w i t h  15-second 
wash-out i s  i n s e r t e d  w i t h  p i t c h  a t t i t u d e  and g l i d e - s l o p e  d e v i a -  
t i o n  t o  a l l o w  a s y m p t o t i c  d e p a r t u r e  f rom t h e  upper  segment RNAV 
g l i d e  s l o p e  and g r a d u a l  descen t  t o  t h e  I L S  g l i d e - s l o p e .  The 
c i r c u i t r y  was des igned t o  p r e v e n t  a b r u p t  s t e e r i n g  commands and 
does n o t  a l l o w  t h e  t r a j e c t o r y  t o  f a l l  be low t h e  I L S  g l i d f i -  
s l o p e  c e n t e r l i n e .  
A u t o p i l o t  System 
The a u t o - f l i g h t  c o n t r o l  system aboard  Y7545 was a s t a n -  
d a r d  Bend ix  PB20-D s e r i e s  system. I n t e r f a c e  between t h e  A / P  
and RNAV systems was l i m i t e d  t o  t h e  e n r o u t e  RNAV mode o n l y  
and r e s t r i c t e d  t o  a l a t e r a :  c r o s s t r a c k  d e v i a t i o n  i n p u t .  T h i s  
i n p u t  a l l o w e d  t h e  a u t o p i l o t  t o  f o l l o w  t h e  d e s i r e d  t r a c k  be- 
tween waypo in ts ,  p r o c e s s i n g  c r o s s t r a c k  d e v i a t i o n  i n  t h e  same 
manner as a V O R  d e v i a t i o n  s i g n a l  d ? t r i n g  c r u i s e  c o n d i t i o n s .  
No p i t c h  d e v i a t i o n  i n f o r m a t i o n  was f u r n i s h e d  t o  t h e  a u t o -  
p i l o t  f rom t h e  RNAV system d u r i n g  t h i s  program. T h i s  i s  n o t  
t o  say t h a t  a p i t c h  c o n t r o l  system c o u l d  n o t  be d e v i s e d  t h  t 
would c a p t u r e  and t r a c k  RNAV v e r t i c a l  t r a c k  d e v i e t l o n ,  b u t  
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p r o v i s i o n  of  t h i s  c a p a b i l i t y  was beyond t h e  scope of  t h i s  
program. Inasmuch as t h e  concep t  f o r  t b a n s i t i o n  f rom l e v e l  
f l i g h t  t o  6 O  g l i d e  s c l o p e s ,  and 6' t o  2 g l i d e  s l o p e s  was 
s a t i s f a c t o r i l y  deve loped f o r  a f l i g h t  d i r e c t o r  p i t c h  s t e e r -  
i n g  s i g n a l ,  i t  f o l l o w s  t h a t  e q u i v a l e n t  r e s u l t s  can be ' 
c h i e v e d  f o r  a u t o p i l o t  p i t c h  s t e e r i n g  s i g n a l s .  
p o s i t i o n ,  a s p e c i a l  i n t e r f a c e  a l l o w s  t h e  a u t o p i l o t  t o  . . i ~ p t u r e  
and t r a c k  t h e  l o c a l i z e r  i n f o r m a t l o n  o f  t h e  No. 2 na \ r ' ; ya t ion  
r e c e i v e r ,  
When t h e  RNAV Mode S e l e c t o r  i s  p l a c e d  i n  t h e  XN;. 1 .LS 
Data A c q u i s i t i o n  
A i r b o r n e  
N a v i g a t i o n  and Guidance S i g n a l s  
B a t t e l l e - C o l u m b u s  L a b o r a t o r i e s  p r o v i d e d  an e l e c t r o n i c  
s i g n a l  : o n d i t i o n e r / a m p l i f i e r  u n i t  wh ich  p e r m i t t e d  t h e  f o l l o w i n g  
t f i c k p i t  d i s p l a y  s i g n a l s  t o  be r e c o r d e d  o n  P NASA-provided San- 
gabno ana log  t a p e  r e c o r d e r .  
Rec G r  d e r  
Channel 
(1)  Synchron ized Time Code 
( 2 )  C o c k p i t  F l i g h t  Recorder  Vo ice  
( 3 )  Received VOR B e a r i n g  
C o c k p i t  




( 4 )  Received DME D i s t a n c e  C a p t ' s  DA 
( 6 )  B a r o m e t r i c  A l t i t u d e  ( I n p u t  t o  V e r t i c a l  
RNAV ) LSI A l t i m e t e r  
( 7 )  RNAV D i s t a n c e  t o  H a y p o i n t  SP I 
( 8 )  RNAV B e a r i n g  t o  Waypoint  RMD I 
( 9 )  RNAV V e r L i c a l  D e v i a t i o n  (RNAV g l i d e  
s l o p e  r a w  d a t a )  A D 1  
(10) RNAV L a t e r a l  D e v i a t i o n  ( raw d a t a )  S P I  
( 1 . )  I L S  V e r t i c a l  D e v i a t i o n  ( I L S  g l i d e  
(12)  I L S  L a t e r i a l  D e v i a t i o n  ( I L S  ; o c a l i t e r  
s l o p e  r a w  d a t a )  C D I  (and A D I )  
raw d a t a )  AD' and C D I  
( 1 3 )  P i t c h  Command (RNAV G/S and I L S  G / S )  AD I 
(14)  R o l l  Command ( I L S  l o c a l i z e r )  AD I 
A d e t a i l e d  d e s c r f p t i o n  o f  t h e  B s t t e l  l e  sig,,al c o n d i t i o n e r  
equipment i s  i n c l u d e d  i n  appendix C .  A pho tog raph  o f  t h e  
i n s t a l l e d  equipment i s  shown i n  f i g u r e  25. 
F l i g h t  Deck P h o t o r e c o r d e r  
A G i a n n i n i  S c i e n t i f i c  C o r p o r a t i o n  35mm camera was h a r d -  
mounted i n  t h e  f l i g h t  deck a i s l e  i m m e d i a t e l y  b e h i n d  t h e  F l i g h t  
E n g i n e e r ' s  s e a t .  P l u s  X R4231 f i l m  was used i n  c o m b i n a t i o n  
w i t h  J 40 mm Makro K i l a r  f / 2 . 8  l e n s .  Photographs  were takei; 
once a second. The f i e l d  o f  v iew  i s  i l l u s t r a t e d  i n  f i g u r e  13. 
Ground 
adjacc t i t  t o  t h e  S t o c k t o n  I L S  G l i d e  S lope  T r a n s m i t t e r  and used 
t o  o b t a i n  t h r e e - d i m e n s i o n a l  a i r c r a f t  p o s i t i o n  da ta  and ?wo- 
d imens iona l  d a t a  p l c t s  o f  t h e  v e r t i c a l  f l i g h t  path.  (See 
appendix 3 f o r  equipment d e t a i l s . )  The t h r e e  d imens iona l  ana- 
l o g  d a t a  were r e c o r d e d  cjn magne t i c  t a p e .  A t y p i c a l  r a d a r  p i o t  
i s  shown i n  f i g u r e  14. 
A p o r t a b l e  Bel  1-Aerospace EEM Radar System was p o s i t i o n e d  
I t  was found t h a t  use o f  a l o n g  t r a c k  s l a n t  range d i s t a n c e  
on t h e  two d i m e n s i o n a l  d a t a  p l o t s  would i n t r o d u c e  an  e r r o r  o f  
l e s s  t h a n  0.5 EPNdB i n  f i n a l  approach n o i s e  d a t a .  T h i s  i n -  
s i g n i f i c a n t  e r r o r  r e s u l t s  f rom c o n s i d e r a t i o n s  o f  t h e  s m a l l  d i f -  
f e r e n c e  between h o r i z o n t a l  d i s t a n c e  a t  t h e  t i m e  o f  PNLT max 
and s l a n t  range d i s t a n c e  a t  t h e  t i m e  o f  PNLT max. 
A c o u s t i c  Equipment 
A t o t a l  o f  n i n e  d i f ? e r e n t .  s i t e s  were used d u r i n g  t h e  
t h r e e  weeks o f  n o i s e  measurement. No more t h a n  s i x  s i t e s  
ware used a t  any one t i m e .  The n i n e  s i t e  l o c a t i o n s  a r e  il- 
l u s t r a t e d  i n  f i g u r e  26. The p r i m a r y  s i t e s ,  l t h r o u g h  6, 
were l o c a t e d  on t h e  extended runway c e n t e r l i n e ,  d i r e c t l y  be- 
l o w  t h e  f i n a l  approach p a t h  t o  runway 29 t o  S t o c k t o n .  D i s -  
tances  t o  t h r e s h o l d  ranged f r o m  5550 f e e t  t o  36,420 f e e t .  The 
secondary s i t e s ,  7, 8, and 9 were s i d e l i n e  l o c a t i o n s  used d u r -  
i n g  t h e  l a s t  t w o  days o f  t h e  t h i r d  week. A l l  s i t e s  were l o -  
c a t e d  u s i n g  g e o l o g i c a l  su rvey  maps. The t e r r a i n  was t y p i c a l l y  
f l a t  f a r m  l a n d .  
A c o u s t i c  d a t a  was a c q u i r e d  u s i n g  s i x  b a t t e r y  o p e r a t e d ,  
remote c o n t r o l l e d ,  p o r t a b l e  a c q u i s i t i o n  systems. A b l o c k  
d iagram o f  t h e  systems used i s  shown i n  f i g u r e  15.  Each 
system u t i l i z e s  a two channe l  a n a l o g  t a p e  r e c o r d e r .  One 
25 
channe l  r e c o r d s  a c o u s t i c  da ta ;  t h e  o t h e r  channe l  r e c o r d s  an 
I R I G  B t i m e  s i g n a l .  The t i m e  i s  b r o a d c a s t  o v e r  an FM r a d i o  
l i n k  a t  162.273 mnz. T h e  t i m e  s i g n a l  i s  a 1 kHz modu la ted  
c a r r i e r .  The r e c e i v e d  t i m e  s i g n a l  se rves  two f u n c t i o n s .  F i r s t  
i t  p r o v i d e s  a common r e c o r d e d  t i m e  base f o r  a l l  s i x  systems and 
second ly ,  t h e  1 kHz c a r r i e r  o p e r a t e s  a tape  m o t i o n  c o n t r o l l e r  
b u i l t  by Hydrospace. 
Rov ing  f i e l d  t e c h n i c i a n s  check system o p e r a t i o n ,  t a p e  
s u p p l y  and a d m i n i s t e r  a s i n g l e  f requency  t o n e  c a l i b r a t i o n  once 
an hour .  Each system was c a l i b r a t e d  e l e c t r i c a l l y  once a week. 
A t y p i c a l  system f r e q u e n c y  response  i s  shown i n  f i g u r e  16. 
The h i g h  f r e q u e n c y  preemphasis i s  removed d u r i n g  p r o c e s s i n g  
b u t  p r o v i d e s  a b e t t e r  s i g n a l  f o r  a n a l o g  r e c o r d i n g .  I t  compen- 
s a t e s  f o r  h i g h  f r e q u e n c y  sound a t t e n u a t i o n  due t c  t h e  a t w o r -  
phere.  
Mic rophone w indscreens  were used a t  a l l  t i m e s .  T h i s  i n -  
su res  a g a i n s t  a c o l i s t i c  d i s t o r t i o n  f o r  w ind  speeds up t o  18  
k n o t s  (21  mph). 
M e t e o r o l o g i c a l  Equipment 
H o u r l y  weather  d a t a  was c o l l e c t 2 d  a t  t h r e e  d i f f e r e n t  l o -  
c a t i o n s  d u r i n g  t h e  t i m e  t h e  t e s t  a i r c r a f t  was i n  t h e  S t o c k t o n  
v f c i n i t y .  Tempera ture  ( O F ) ,  H u m i d i t y  ( I ) ,  Wind speed (mph), 
and Mind D i r e c t i o n  ( R e l a t i v e  t o  T r u e  N o r t h )  were r e c o r d e d  a t  
t h e  c e n t r a l  n o i s e  measurement van a p p r o x i m a t e l y  2 & nm t o  
t h r e s h o l d .  Temperature was r e c o r d e d  a t  33 f e e t  above t h e  
ground u s i n g  an a s p e r a t e d  w ind  vane. A Cambridge System 
Hygrometer u n i t  was used t o  o b t a i n  dewpo in t  t empera tu re .  T h i s  
was l o c a t e d  a t  20 f e e t  above t h e  ground. Wind speed and d i r -  
e c t i a n  were r e c o r d e d  a t  33 f e e t  above t h e  ground.  
Two a d d i t i o n a l  s i t e s  were used t o  v e r i f y  nomina l  temper- 
a t u r e  and w i n d  speed c o n d i t i o n s  i n  t h e  measurement a rea .  These 
parameters  were measured a t  o n l y  f i v e  ( 5 )  f e e t  above t h e  ground.  
Time S y n c h r o n i z a t i o n  
corded ground r a d a r  d a t a  w i t h  g round n o i s e  d a t a ,  a i r b o r n e  3D-  
RNAV da ta ,  and a i r b o r n e  e n g i n e  i n s t r u m e n t  da ta .  T h i s  common 
t i m e  cod2 s i g n a l  was genera ted  by a D a t a t r o n  t i m e  code gener -  
a t o r  wh ich  was synch ron ized  each day w i t h  'JJWV. The t i m e  s i g -  
n a l  c o n t a i n e d  hour ,  m i n u t e ,  and second i n f o r m a t i o n .  The t i m e  
code g e n e r a t o r  was l o c a t e d  i n  t h e  c e n t r a l  n o i s e  measurement 
van near  S i t e  3. The s i g n a l  was t r a n s m i t t e d  I R I G  B, modu la ted  
a t  1000 H z  o v e r  162.275 mHz, w i t h  a General  E l e c t r i c  30 w a t t  
FM t r a n s m i t t e r .  T h i s  s i g n a l  was r e c e i v e d  a t  t h e  s i x  ( 6 )  n o i s e  
measurement s t a t i o n s ,  t h e  ground r a d a r  van, and t h e  a i r c r a f t  
on P e t e r s a n  HL-100 FM r e c e i v e r .  
A s y n c h r o n i z e d  t i m e  s i g n a l  was needed t o  c o r r e l a t e  r e -  
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The r a d a r  o p e r a t o r  gave a "mark" a t  t h e  f i r s t  t i m e  p u l s e  
on h i s  p l o t s .  The Hyrospace n o i s e  van o p e r a t o r  reco rded  t h e  
t i m e  o f  t h i s  p l r lse.  The accu racy  . is  w i t h i n  0.5 seconds. The 
r a d a r  p l o t  t h e n  produced one p u l s e  e v e r y  15 seconds d u r i n g  t h e  
f l i g h t .  T h i s  "mark" and t h e  subsequent p u l s e s  a l l o w e d  Hydro- 
space t o  c o r r e l a t e  t h e  a i r c r a f t  t r a c k  t o  a common t i m e  base. 
The r e c e i v e d  a i r c r a f t  s i g n a l  was synch ron ized  w i t h  a 
passenger-cabin mounted D a t a t r o n  t i m e  code t r a n s l a t o r .  T h i s  
synch ron ized  s i g n a l  was t h e n  r e c o r d e d  w i t h  t h e  o t h e r  a i r b o r n e  
data.  
Communication L i n k s  
The communicat ion network a t  S t o c k t o n  A i r p o r t  i s  i l l u s t r a -  
t e d  i n  f i g u r e  17. The p r i m e  communicat ion l i n k  between t h e  
a i r c r a f t  and t h e  ground d a t a  pe rsonne l  was a two way f requency  
o f  123.3 mHz between t h e  AA F l i g h t  Engineer  and t h e  ground r a -  
d a r  o p e r a t o r .  I n  a d d i t i o n ,  t h e  Hydrospace n o i s e  measuremeEt 
personnel  m o n i t o r e d  123.3 mHz and t h e  tower  f requency of 120.3 
mHz. A two Hay c i t i z e n  band was used f o r  communicat ion be- 
tween t h e  r a d a r  o p e r a t o r  and t h e  n o i s e  measurement pe rsonne l .  
The FM t i m i n g  RF l i n k  was a l s o  used on o c c a s i o n  by t h e  n o i s e  
measurement personnel  t o  t a l k  w i t h  t h e  r a d a r  o p e r a t o r  and t h e  
a i r b o r n e  d a t a  equipment o p e r a t o r .  
A i r p o r t  And L o c a l  N a v i g a t i o n  F a c i l i t i e s  
The S t o c k t o n  M u n i c i p a l  A i r p o r t ,  S tock ton ,  C a l i f o r n i a ,  was 
chosen as t h e  t e s t  s i t e  f o r  t h e  g u e s t  p i l o t  e v a l u a t i o n s .  A 
l a y o u t  o f  t h e  S t o c k t o n  A i r p o r t  env i ronment  i s  shown i n  f i g u r e  
18. The two-segment approach c h a r t  approved by t h e  FAA f o r  
t h i s  e v a l u a t i o n  i s  shown i n  f i g u r e  19. Normal I F R  minimums 
were r e t a i n e d  i n  s p i t e  o f  t h e  6O/400 f t  two-segment p r o f i l e  
f l own .  T h i s  a i r p o r t  i s  i n  normal use as a comaerc ia l  t e r m i n -  
a l  and i s  r e p r e s e n t a t i v e  o f  a s tandard  ILS/VORTAC envi ronment .  
I t  i s  m a i n t a i n e d  as a Category I 1  t r a i n i n g  f a c i l i t y .  The f l a t  
r u r a l  t e r r a i n  around t h e  a i r p o r t  a l s o  p r o v i d e d  s u i t a b l e  n o i s e  
measurement s i t e  l o c a t i o n s  under t h e  f i n a l  approach f l i g h t  p a t h  
t o  Runway 29R. 
The p a r t i c u i a r  s i g n i f i c a n c e  o f  t h i s  a i r p o r t  env i ronment  i s  
t h e  o r i e n t a t i o n  o f  t h e  S t o c k t o n  V O R T A C  r e l a t i v e  t o  t h e  ILS-  
equfpped runway. The 3D-RNAV system needed t o  genera te  t h e  
upper segment g l i d e  s l o p e  u t i l i z e s  c o n v e n t i o n a l  VOR/DME s i g n a l s .  
The upper segment f l i g h t  p a t h  o f  a two-segment approach a t  
S t o c k t o n  passes w i t h i n  1 n a u t i c a l  m i l e  a t  a p o i n t  a p p r o x i m a t e l y  
h a l f  way down t h e  upper segment. An unsuL:essful a t t e m p t  was 
made t o  use t h e  L inden  V O R T A C  which i s  1 5 . 5  nm f rom t h e  m i d d l e  




P i l o t  E v a l u a t i o n  
The o p e r a t i a n a l  p c r t i o n  o f  t h e  t e s t  p r o g r a c  c o n s i s t e d  o f  
f o u r  s e q u e n c i a l  phases. Each phase formed t h e  gro* .ndwork f o r  
succeed ing  phases. The sequence conc luded  w i t h  t h e  s e l e c t i o p  o f  
one two-segment p r o f i l e  and one two-segment c o c k p i t  p r o c e d u r e  
wh ich  t h e  i n v i t e d  g u e s t  p i l o t s  were r e q u i r e d  t o  f l y  d u r i n g  t ' l e i r  
e v a l u a t i o n s .  
P r o f  i 1 e Se l  ec  t i on 
P r o f i l e  s e l e c t i o n  s t a r t e d  w i t h  American A i r l i n e s  p r o j e c t  
p i l o t  t e s t  f l y i n g  a t  t h e  Amsr ican A i r l i n e s  Main tenance & Eng i -  
n e e r i n g  C e n t e r  i n  Tu lsa ,  Oklahoma. T h i s  f l y i n g  was i n t e n d e d  
p r i m a r i l y  f o r  c a l i b r a t i o n  and checkou t  o f  t h e  new ly  i n s t a l l e d  
a v i o n i c s  m o d i f i c a t i o n s .  However, t h i s  f l y i n g  a l s o  p r o v i d e d  t h e  
o p p o r t u n i t y  t o  i n v e s t i g a t e  many two-segment p r o f i l e s  w i t h  t h e  
Tu lsa  VORTAC. V a r i o u s  c o m b i n a t i o n s  o f  t h e  f o l l o w i n g  p r o f i l e  
v a r i a b l e s  were f l own  d u r i n g  23 h o u r s  o f  T u l s a  f l i g h t  t e s t i n g :  
( 1 )  A l t i t u d e  i n t e r c e p t  o f  upper  RNAV segment: 2000 ft, 
( 2 )  Upper segment a n g l e :  5 O ,  6O. 
( 3 )  A l t i t u d e  i n t e r c e p t  o f  l o w e r  I L S  segmznt: 400 f t ,  
2500 ft, 3000 ft. 
600 ft, 700 f t ,  800 ft. 
The AA p r o j e c t  p i l o t  f l e w  a t o t a l  o f  48 two-segment ap- 
p roaches  i n  Tu lsa .  D u r i n g  t h i s  t ime ,  f l i g h t  d i r e c t o r  and R N A V  
equipment v a r i a b l e s  were a l s o  a d j u s t e d  i n  an e f f o r t  t o  e s t a b l i s h  
an optimum i n t e r f a c e  between t h e  a v i o n i c s  equ ipment ,  p r o f i l e  
v a r i a b l e s ,  and p i l o t  work load .  
The f i r s t  week o f  f l y i n g  a t  S t o c k t o n ,  C a l i f o r n i a  was p e r -  
formed by  t h e  NASA p r o j e c t  p i l o t .  A l e s s e r  number o f  p r o f i l e s  
were f l own  d u r i n g  t h i s  p e r i o d  and i n c l u d e d  t h e  f o l l o w i n g :  
P r o f i l e  V O R T A C  
3000 f t / 6 O i 4 0 0  fW2.5 '  
2500 f t / 6 ' / 4 0 0  f t /2 .5 '  S tock  t o n  
3000 f t / S 0 / 7 0 0  ft./2.5O S t o c k t o n  
3000 f t / 6 0 / 8 0 0  f t / 2 . S 0  S t o c k t o n  
3000 f t / 5 O / 4 0 0  f t / 2 . 5 '  S t o c k t o n  
S t o c k t o n  and L i n d e n  
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The NASA p r o j e c t  p i l o t  f l e w  a t o t a l  o f  35 two-segment a p -  
proaches d u r i n g  t h i s  p e r i o d .  Wh i le  t h i s  f l i g h t  e x p e r i e n c e  was 
b e i n g  accumulated, f i n a l  a d j u s t m e n t s  were made i n  t h e  a v i o n i c s  
equipment v a r i a b l e s  wh ich  i n t e r a c t  w i t h  p r o f i l e  v a r i a b l e s  and 
p i  1 o t  work load.  
- Procedure  Development 
f l y i n g  a 707 s i m u l a t o r  a t  A A ' s  F l i g h t  Academy i n  F o r t  Worth, 
Texas. Time d i d  n o t  p e r m i t  i n s t a l l a t i o n  o f  a m o d i f i e d  C o l l i n s  
FD-108 s t e e r i n g  computer i n  t h e  707 s i m u l a t o r .  However, app rox -  
i m a t e l y  25 h o u r s  were s p e n t  i n  AA's s t a n d z r d  707 s i m u l a t o r  t o  
i n v e s t i g a t e  q o n e r a l  a i r c r a f t  per fo rmance,  and i t s  i m p a c t  or1 
c o c k p i t  g rocedures  f o r  t h ?  ^wo-segment p r o f i l e s  n o t e d  above. 
i h j s  i n i t i a l  s i m u l a t o r  t i m e  was f l o w n  us;ng raw d a t a  f o r  g u i d -  
artze t o  an I L S - g e n e r a t e d  upper  seeaent.  
When t h e  m o d i f i e d  C o l l i n s  FD-108 s t e e r i n g  computer  became 
a v a i l a b l e ,  i t  was i n s t a l l e d  i n  a 727 s i m u l a t o r .  T h i s  p e r m i t t e d  
f u r t h e r  i n v e s t i g a t i o n  o f  p i l o t  p rocedures  i n  t e r m  o f  command 
gu idance t o  an a r t i f i c i a l  l y - c r e a t e d  RNAV upper segment. The AA 
p r o j e c t  p i l o t  s p e n t  a n o t h e r  25 h o u r s  w i t h  t h i s  c o n f i g u r a t i o n  and 
r e p e a t e d  most o f  t h e  two-segment p r o f i l e s  f l o w n  i n  t h e  707 simu- 
1 a t o r .  
Procedure  development s t a r t e d  w i t h  t h e  AA p r o j e c t  p i l o t  
The n e x t  s t e p  i n  t h e  i n v e s t i g a t i o n  o f  p i l o t  p rocedures  was 
under taken  i n  T u l s a  d u r i n g  t h e  i n i t i a l  23 hours  o f  f l i g h t  t e s t -  
i n g .  The e a r l i e r  s i m u l a t o r  work was a p p l i e d  and f u r t h e r  r e f i n e -  
ments were made i n  t h e  p i l o t  p rocedures  t o  a c c o u n t  f,lr a c t u a l  
f l i g h t  c o n d i t i o n s .  These p rocedures  were then  used by t h e  NASA 
p r o j e c t  p i l o t  d u r i n g  t h e  f i r s t  t e n  hours  o f  f l i g h t  t e s t i n g  a t  
S t o c k t o n ,  C a l i f o r n i a .  
A t  t h e  c o n c l u s i o n  o f  t h i s  S t o c k t o n  f l y i n g ,  t h e  AA and NASA 
p r o j e c t  p i l o t s  made a f i n a l  s e l e c t i o n  o f  t h e  one two-segment p r o -  
f i l e  and p i l o t  p r o c e d u r e  t h e y  j udged  t o  be t h e  most f e a s i b l e  f r o m  
an a i r l i n e  o p e r a t i o n a l  v i e w p o i n t .  T h i s  i n c l u d e d  a f i n a l  d e t e r -  
m i n a t i o n  o f  va lues  f o r  t h e  i n t e r a c t i n g  a v i o n i c s  equipment v a r i -  
a b l e s .  The i n t e n t  was t o  have each subsequent gues t  p i l o t  f l y  
and e v a l u a t e  t h i s  p a r t i c u l a r  p r o f i l e  and p rocedure .  
Guest P i l o t  S e l e c t i o n  and T r a i n i n g  
I n v i t a t i o n  l e t t e r s  were s e n t  t o  s e n i o r  f l i g h t  management 
p e r s o n n e l  i n  most o f  t h e  707-equ ipped  U.S.  a i r l i n e s .  The i n v i t a -  
t i o n  l i s t  a l s o  i n c l u d e d  t h e  m a j o r  a i r l i n e  p i l o t  a s s o c i a t i o n s ,  t h e  
FAA,  and NASA r e s e a r c h  p i l o t s  o t h e r  t h a n  t h e  d e s i g n a t e d  NASA 
p r o j e c t  p i l o t .  
n a t e  one o r  more p i l o t s  as s u b j e c t s  f o r  t h e  f l i g h t  e v a l u a t i o n .  A 
t o t a l  l i s t  o f  g u e s t  p i l o t s ,  i n c l u d i n g  a i r l i n e  o r  agency, a r e  l i s t  
ed i n  f i g u r e  20 and f i g u r e  21. 
Each a i r l i n e  and agency was r e q u e s t e d  t o  d e s i g -  
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The i n i t i a l  gues t  p i l o t  p r e r e q u i s i t e  was t h a t  he be c u r -  
r e n t l y  q u a l i f i e d  i n  a 707- type a i r c r a f t .  A c u r r e n t l y  q u a l i f i e d  
707 p i l o t  wou ld  be l e s s  a f f e c t e d  b y  u n f a m i l i a r i t y  v i t h  t h e  b a s i c  
a i r c r a f t .  He would t h e r e f o r e  be more r e l a x e d  and be a b l e  t o  more 
r e a d i l y  observe  and e v a l u a t e  t h e  unusual  aspec ts  o f  a two-segment 
approach techn ique.  However, t h i s  c r i t e r i a  was l a t e r  r e l a x e d .  
As t h e  gues t  p i l o t  e v a l u a t i o n  progressed,  s e v e r a l  p i l o t s  who had 
l i t t l e  o r  no 707  exper ience  were a l l o w e d  t o  f l y  as s u b j e c t s .  
A t y p i c a l  r o u t i n e  f o r  most o f  t h e  gues t  p i l o t s  s t a r t e d  t h e  
day be fo re  t h e y  f l e w .  A f o rma l  two-hour  b r i e f i n g  was conducted  
a t  H o f f e t t  F i e l d  by t h e  AA p r o j e c t  p i l o t .  The b r i e f i n g  i n c l u d e d  
t h e  genera l  background and purposes o f  t h e  e v a l u a t i o n ,  a v i o n i c s  
system o p e r a t i o n ,  c o c k p i t  l a y o u t ,  two-segment approach p i l o t  p r o -  
cedures,  and 3D-RNAV r o u t e  p rocedures  between M o f f e t t  F i e l d  and 
S t o c k t o n  A i r p o r t .  T h i s  v e r b a l  b r i e f i n g  was accompanied by hand- 
o u t  m a t e r i a l  f o r  f u r t h e r  s tudy .  
The a i r c r a f t  depar ted  f rom M o f f e t t  F i e l d  e a r l y  t h e  n e x t  
morn ing w i t h  t h e  gues t  p i l o t  f l y i n g  i n  t h e  l e f t - h a n d  s e a t  and 
t h e  AA p r o j e c t  p i l o t  f l y i n g  as c o p i l o t  i n  command. E a r l y  morn- 
i n g  f l i g h t s  were t y p i c a l l y  schedu led  f o r  n o i s e  d a t a  measurement 
purposes. The a i r c r a f t  f u e l  l o a d i n g  a t  M o f f e t t  was such t h a t  
t h e  a i r c r a f t  would be a t  a maximum gross  l a n d i n g  w e i g h t  o f  
175,000 pounds a t  t h e  end o f  t h e  f i v e  two-segment approaches a t  
S tock ton .  T h i s  was a l s o  done f o r  t h e  convenience o f  n o i s e  d a t a  
measurements. 
The t y p i c a l  gues t  p i l o t  f l S g h t  p l a n  c a l l e d  f o r  h im  t o  f l y  
f rom M o f f e t t  t o  S t o c k t o n  o v e r  an RNAV a i rway ,  s p e c i a l l y  deve lop-  
ed and approved by the  FAA f o r  t h i s  program. Upon a r r i v a l  a t  
q tock ton ,  t h e  t y p i c a l  gues t  p i l o t  proceeded t o  f l y  f i v e  o f  t h e  
pre-es tab1 i shed two-segment approaches t o  g a i n  fami  1 i a r i  t y  w i t h  
t h e  f l  i g h t  procedures.  
Dur i r ,g t h e  f i r s t  two p r a c t i c e  approaches, t h e  a u t o p i l o t  
was coup led  t o  t h e  l o c a l i z e r .  The gues t  p i l o t  used h i s  r i g h t  
hand t o  c o n t r o l  t h e  manual a u t o p i l o t  p i t c h  wheel w h i l e  t h e  A A  
p r o j e c t  p i l o t  c o n t r o l l e d  t h e  t h r o t t l e s  f rom t h e  c o p i l o t ' s  s e a t .  
 ne t h ? r d  p r a c t i c e  approach was c o m p l e t e l y  manual w i t h  t h e  sub- 
j e c t  D i ? o t  c o n t r o l l i n g  a t t i t u d e  and power h i m s e l f .  The f o u r t h  
p r a c t i c e  approach was a manual "hooded" approach. The f i f t h ,  
and l a L t ,  p r a c t i c e  approach was used by t h e  gues t  p i l o t  t o  i n -  
ves t . iga te  command guidance response t o  i n t e n t i o n a l  d e v i a t i o n s  
from +.he d e s i r e d  f l i g h t  pa th .  A p u l l - o u t  was executed  j u s t  
prior  t o  touchdown d u r i n g  these  p r a c t l c e  approaches t o  conserve 
' ; t l u a t i o n  f l i g h t  t ime. 
Guest P i  l o t  t v a l  ua t iGn  
Having thus  completed h i s  p r s c t i c e  approaches, t h e  gues t  
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p i l o t  proceeded t o  f l y  f i v e  two-segment approaches f o r  d a t a  r e c -  
o r d  purposes. F i v e  approaches were r e q u i r e d  t o  g i v e  t h e  g u e s t  
p i l o t  a r e a l i s t i c  exposure  a f t e r  h i s  p r a c t i c e  runs ,  and t o  s a t i s -  
f y  n o i s e  measurement sampl i ng c r i  t e r i  a. Tbese f i v e  approaches 
were f l o w n  i n  t h e  same way as t h e  f i r s t  two approaches i n  t h e  
p r a c t i c e  sequence. 
A p u l l - o u t  was a l s o  e x e c u t e d  j u s t  p r i o r  t o  touchdown d u r i n g  
most o f  t h e s e  approaches. However, t h e  g u e s t  p i l o t  was t y p i c a l l y  
a l l o w e d  t o  e x e c u t e  a t  l e a s t  one touch-and-go,  o r  one f u l l  l a n d i n g .  
A f t e r  t h e  comp le te  sequence o f  two-segment approaches, t h e  g u e s t  
p i l o t  was t y p i c a l l y  r e q u i r e d  t o  f i n i s h  w i t h  two normal  ILS ap-  
proaches. T h i s  p e r m i t t e d  an immedia te  compar ison o f  r e a c t i o n s  
between t h e  two-segment approach and t h e  normal  approach. T h i s  
a l s o  y i e l d e d  normal  approach n o i s e  d a t a  w h i c h  c o u l d  be compared 
t o  t h e  i m m e d i a t e l y  p r e c e d i n g  two-segment n o i s e  da ta .  
A p i l o t  d e b r i e f i n g  was h e l d  a t  M o f f e t t  F i e l d  i m m e d i a t e l y  
f o l l o w i n g  each f l i g h t .  The g u e s t  p i l o t  was asked t o  c r i t i q u e  h i s  
r e a c t i o n s  t o  t h e  f l i g h t .  P a r t i c u l a r  emphasis was p l a c e d  on  h i s  
r e a c t i o n s  t o  t h e  t w o - s e g m m t  approach p r o f i l e  and p r o c e d u r e  as 
f l o w n .  He was a l s o  asked t o  comment on t h e  p o t e n t i a l  need f o r  
m o d i f i c a t i o n s  and r e f i n e m e n t s  t o  t h i s  p r e - e s t a b l i s h e d  t e c h n i q u e .  
A s t a n d a r d  q u e s t i o n n a i r e  was g i v e n  t o  each g u e s t  p i l o t  a t  t h e  
end o f  h i s  b r i e f i n g .  He was asked t o  r e t u r n  i t  a t  h i s  own C O R -  
ven ience.  A copy o f  t h e  P i l o t  Q u e s t i o n n a i r e  i s  shown i n  f i g u r e  
22. 
The a b o v e - s t a t e d  t r a i n i n g / e v a l  u a t i o n  sequence was deve loped  
as t h e  r o u t i n e  f o r  g u e s t  p i l o t s  who were d e s i g n a t e d  as p r i m a r y  
s u b j e c t s .  The e v a l u a t i o n  approaches f l o w n  by t h e  t w e l v e  p r i m a r y  
g u e s t  p i l o t s  a r e  shown i n  t h e  r i g h t - h a n d  column o f  f i g u r e  20. 
Four teen  a d d i t i o n a l  g u e s t  p i l o t s  were a l s o  a b l e  t o  f l y  t o  a l e s -  
s e r  e x t e n t  d u r i n g  t h e  e v a l u a t i o n .  These secondary  p i l o t  s u b j e c t s  
a r e  shown i n  f i g u r e  21. These secondary  p i l o t s  were n o t  neces- 
s a r i l y  p r e s e n t  a t  t h e  p r e f l i g h t  b r e i f i n g s ,  b u t  t h e y  o f t e n  had 
t h e  o p p a r t u n i t y  t o  obse rve  a p r i m a r y  g u e s t  p i l o t  f r o m  t h e  cock-  
p i t  jump s e a t  b e f o r e  t a k i n g  t h e i r  t u r n  i n  t h e  l e f t - h a n d  p i l o t ' s  
sea t .  A l l  o f  them were p r e s e n t  d u r i n g  t h e  d e b r i e f i n g s .  They 
were a l s o  asked t o  comment on t h e  two-segment approach p r o c e d u r e  
and comp le te  a p i l o t  q u e s t i o n n a i r e .  
Passenger E v a l u a t i o n  
F l i g h t  o b s e r v e r s  from t h e  a v i a t i o n  i n d u s t r y  were i n v i t e d  
on t h e  e v a l u a t i o n  f l i g h t s  f r o m  t i m e  t o  t i m e .  They were a l l o w e d  
t o  obse rve  g u e s t  p a l o t  p rocedures  f r o m  t h e  c o c k p i t  t o  a l i m i t e d  
e x t e n t .  Howcver, t h e y  s p e n t  most o f  t h e i r  t i m e  i n  t h e  conven- 
t i o n a l  passenger. s e a t s  p r o v i d e d  i n  t h e  c a b i n .  T h i s  c i r c u m s t a n c e  
c r e a t e d  an u n i n t e n d e d  o p p o r t u n i t y  t o  assess c a b i n  passenger  r e -  
a c t i o n  t o  t h e  two-segment approach t e c h n i q u e .  A1 though t h i s  was 
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n o t  among t h e  NASA-defined t e s t  o b j e c t i v e s ,  AA c o n s i d e r e d  t h i s  
t o  be a s i g n i f i c a n t  o p e r a t i o n a l  concern .  
The M a r k e t i n g  Department a t  American A i r l i n e s  worked w i t h  
t h e  American P r o j e c t  Team t o  d e v e l o p  a passenger  q u e s t i o n n a i r e  
wh ich  c o u l d  be used t o  i d e n t i f y  a reas  o f  conce rn  t o  t h e  t y p i c a l  
passenger.  A copy o f  t h e  passenger  q u e s t i o n n a i r e  i s  shown i n  
f i g u r e  23. On ly  one q u e s t i o n n a i r e  was deve loped,  b u t  i t  was de-  
s i g n e d  f o r  two-segment and normal  approaches. 
The t y p i c a l  sampl i n g  p r o c e d u r e  r e q u i r e d  each o b s e r v e r  t o  
fill o u t  t h r e e  s e p a r a t e  q u e s t i o n n a i r e s .  They were asked t o  f i l l  
o u t  t h e  f i r s t  two q u e s t i o n n a i r e s  i m m e d i a t e l y  f o l l o w i n g  any two 
o f  t h e  s i x t h  t h r o u g h  t h e  t e n t h  approaches i n  t h e  two-szgment 
f l i g h t  sequence. I t  was n o t  a p p r o p r i a t e  t o  o b t a i n  o b s e r v e r  
o p i n i o n  d u r i n g  t h e  f i r s t  f i v e  p r a c t i c e  two-segment apprcaches. 
The s i x t h  t h r o u g h  t e n t h  two-segment approaches were more r e p r e -  
s e n t a t i v e  o f  what a t y p i c a l  passenger  wou ld  e x p e r i e n c e  i n  sched- 
u l e d  a i r l i n e  s e r v i c e .  
R e f e r r i n g  t o  f i g u r e  4, t h e  o b s e r v e r  was asked t o  s i t  i n  
one o f  t h e  f o r w a r c  f i r s t - c l a s s  s e a t s  f o r  one o f  t h e  two-segment 
q u e s t i o n n a i r e s ,  and t o  s i t  i n  one o f  t h e  a f t  coach s e a t s  f o r  
h i s  o t h e r  twd-segment q u e s t i o n n a i r e .  T h i s  was done t o  p e r m i t  
an a n a l y s i s  o f  d i f f e r e n c e s  i n  response between c a b i n  s e a t  l o c a -  
t i o n .  
The o b s e r v e r s  were asked t o  f i l l  o u t  t h e  r e m a i n i n g  ques- 
t i o n n a i r e  i m m e d i a t e - y  f o l l o w i n g  one o f  t h e  two ncrmal  I L S  ap- 
proacnes a t  t h e  end o f  t h e  g u e s t  p i l o t  r o u t i n e .  These were 
t y p i c a l l y  f l o w n  a f t e r  c o m p l e t i o n  o f  t h e  t e n  two-segment ap-  
p roaches .  The o b s e r v e r  was asked t o  s i t  i n  e i t h e r  t h e  f i r s t -  
c l a s s  s e c t i o n  o r  t h e  coach s e c t i o n  a t  h i s  d i s r r e t i o n .  A p h o t o -  
g raph o f  t h e  a f t  coach s e a t s  i s  shown i n  f i g b , e  24. 
Data Measurement/Processi  ng Procedures  
3D-RNAV P o s i t i o n  Measurements /Process inq  
e r r o r  models a r e  i l l u s t r a t e d  i n  f i g u r e s  27  and 28. A g l o s s a r y  
o f  te rms i s  shown i n  f i g u r e s  29 and 30. 
o f  t h e  ma themat i ca l  models i n c l u d e d :  
M a j o r  c h a r a c t e r i s t i c s  o f  t h e  v e r t i c a l  and l a t e r a l  p o s i t i o n  
Some o f  t h e  p r a c t i c a l  c o n s t r a i n t s  wh ich  i n f l u e n c e d  d e s i g n  
( 1 )  The c o c k p i t  d i s p l a y  s i g n a l s  wh ich  c o u l d  be r e c o r d e d  
( 2 )  C h a r a c t e r i s t i c s  o f  t h e  h i g h  p r e c i s i o n  t r a c k i n g  r a d a r  
by t h e  a i r b o r n e  d a t a  r e c o r d e r .  
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measurements o f  a c t u a l  a i r c r a f t  p o s i t i o n .  
( 3 )  Parameter and i n d i c a t o r  s e n s i t i v i t i e s .  
A computer p rogram f o r  t h e  models was w r i t t e n  i n  FORTRAN 
I V  l anguage by B a t t e l l e .  Data r e q u i r e d  f o r  t h e  models a r e  
l i s t e d  i n  f i g u r e  31. 
The on-board  and ground r a d a r  a n a l o g  tapes  were c o n v e r t e d  
t o  a d i g i t a l  f o r m a t  by  B a t t e l l e  b e f o r e  i n p u t  t o  t h e  CDC 6400 
computer.  F o r  two-segment approaches , t h e  d a t a  were a n a l y z e d  
a t  0.2 n a u t i c a l  m i l e  i n t e r v a l s  f r o m  touchdown o u t  t o  6 . 4  n a u t i -  
c a l  m i l e s  f r o m  touchdown. Normal I L S  approach d a t a  were ana- 
l y z e d  a t  0 . 4  n a u t i c a l  m i l e  i n t e r v a l s  f r o m  touchdown o u t  o f  5 . 4  
n a u t i c a l  m i l e s  f r o m  touchdown. I n  each case, t h e  r a d a r  v a l u e  
o f  a c t u a l  a l o n g t r a c k  d i s t a n c e  t o  touchdown was used t o  i d e n t i f y  
t h e  r e q u i r e d  c r o s s - s e c t i o n  i n  t h e  a i r b o r n e  r e c o r d e d  d a t a .  
The s c a l e  f a c t o r s  used t o  c o n v e r t  t h e  a i r b o r n e  and g round  
r a d a r  FM t a p e  v a l u e s  t o  e n g i n e e r i n g  u n i t s  a r e  g i v e n  i n  f i g u r e s  
32 and 33. I n  o r d e r  t o  reduce r e c o r d e r - i n d u c e d  i n a c c u r a c i e s ,  
t h e  r a d a r  d a t a  was d i v i d e d  i n t o  s e v e r a l  bands f o r  each o f  t h e  
r a d a r  v a r i a b l e s  ( s l a n t  range,  l a t e r a l  d e v i a t i o n ,  and e l e v a t i o n ) .  
F o r  each o f  t h e  r a d a r  v a r i a b l e s ,  one channe l  r e c o r d e d  t h e  a c t i v e  
band f o r  t h a t  v a r i a b l e  w h i l e  t h e  r e m a i n i n g  channe ls  f o r  t h a t  
v a r i a b l e  a r e  s a t u r a t e d .  
The e r r o r  model was t h e n  used t o  t r a n s f o r m  t h e  r e c o r d e d  
p a r m e t e r s  i n t o  t h e  p o s i t i o n  e r r o r  parameters  o f  i n t e r e s t .  
Three c o o r d i n a t e  systems and f i v e  p o s i t i o n  v e c t o r s  were used 
i n  t h e  a n a l y s i s  as shown i n  f i g u r e  34. The two b a s i c  c o o r d i n -  
a t e  systems were ( 1 )  E a s t - N o r t h - a l t i  t u d e  (E-N-Z), and ( 2 )  a l o n g -  
t r a c k ,  c r o s s t r a c k ,  and a l t i t u d e  ( X - Y - Z )  r e f e r e n c e d  t o  a runway 
magne t i c  h e a d i n g  8 f  291O. 
n e t i c  b e a r i n g  111 , p o s i t i v e  Y was equa l  t o  b e a r i n g  21° and 
a1 t i  tude  comple ted  t h e  r i g h t h a n d  X - Y - Z  system. The t h i r d  r e f e r -  
ence sys tem c o n v e r t e d  t h e  E - N - Z  sys tem t o  a V O R T A C  b e a r i n g  f r o m  
magne t i c  N o r t h  ( c l o c k w i s e  p o s i t i v e ) ,  d i s t a n c e  f r o m  V O R T A C ,  and 
a1 t i  t u d e  (VOR-DME-Z). 
Thus, p o s i t i v e  X was e q u a l  t o  mag- 
The p o s i t i o n  e r r o r  v c c t o r s  a r e  as f o l l o w s :  
---b 
RNWY = p o s i t i o n  o f  t h e  runway touchdown p o i n t  
VORTAC = p o s i t i o n  o f  t h e  a i r c r a f t  w i t h  r e s p e c t  
4 
WYPT = p o s i t i o n  o f  t h e  R N A V  w a y p o i n t  w i t h  
w i t h  r e s p e c t  t o  t h e  V O R T A C  s t a t i o n  
t o  t h e  V O R T A C  s t a t i o n  




RNAV = p o s i t i o n  o f  t h e  a i r c r a f t  w i t h  r e s p e c t  t o  
ACT = p o s i t i o n  o f  t h e  a i r c r a f t  w i t h  r e s p e c t  t o  
t h e  w a y p o i n t  
t h e  runway touchdown p o i n t  
-b 
D e t a i  1 s o f  t h e  ma themat i ca l  e q u a t i o n s  and compu ta t tons  
used t o  compute t h e  v e r t i c a l  and l a t e r a l  p o s i t i o n  e r r o r  model 
parameters  a r e  shown i n  append ix  E .  Sample l i s t t n g s  o f  t h e  
m a j o r  p o s i t i o n  e r r o r  parameters  a r e  shown i n  f i g u r e s  35, 36, and 
37. The d e f i n i t i o n s  o f  each co lumnar  l i s t i n g  a r e  shown i n  f i g u r e s  
27  and 30. 
A s t a t i s t i c a l  a n a l y s i s  was per fo rmed on each p o s i t i o n  e r r o r  
parameter  a t  each 0.2 n a u t i c a l  m i l e  i n t e r v a l  a l o n g  t h e  f i n a l  
approaciv p a t h .  The d a t a  sample f o r  each p o s i t i o n  e r r o r  p a r a -  
m e t e r  and each i n t e r v a l  were a n a l y z e d  i n  t h e  same manner. A 
sample p r i n t o u t  o f  t h e  s t a t i s t f c s  and h i s t o g r a m s  i s  shown i n  
f i g u r e  38 and 39. The b a s i c  s t a t i s t i c s  used t o  summarize t h e  
p o s i t i o n  e r r o r  d a t a  a r e  t h e  mean, s t a n d a r d  d e v i a t i o n  ( l a )  , and 
c o n f i d e n c e  i n t e r v a l .  These were computed u s i n g  B e t t e l l e ' s  s t a n -  
d a r d  DESTAT ( D E S c r i p t i v e  S T A T i s t i c s )  computer program. S e v e r a l  
a d d i t i o n a l  s t a t i s t i c s  a r e  a l s o  a v a i l a b l e  f rom t h i s  program. A l l  
a v a i l a b l e  s t a t i s t i c s  a r e  d e f i n e d  i n  append ix  F .  
A c o u s t i c s  Measurements /Process ing  
The a c o u s t i c s  d a t a  were p rocessed  a t  t h e  Hydrospace San 
Diego f a c i l i t y .  The p r o c e s s i n g  equipment and t h e  computer 
program used conform t o  t h e  r e q u i r e m e n t s  o f  FAR p a r t  36.  The 
a c o u s t i c s  d a t a  were a d j u s t e d  f o r  system f r e q u e n c y  response, 
e f f e c t  o f  w indsc reen ,  g r a z i n g  i n c i d e n c e ,  e f f e c t s  o f  t e m p e r a t u r e  
and h u m i d i t y ,  and t h e  e f f e c t s  o f  background. 
A d iag ram o f  t h e  Hydrospace EPNL p r o c e s s i n g  t e c h n i q u e  i s  
shown i n  f i g u r e  40. Analog tapes  a r e  processed u s i n g  o n e - t h i r d  
o c t a v e  f i l t e r s  t o  p roduce a d i g i t a l  t a p e  o f  t h e  raw o n e - t h i r d  
o c t a v e  d a t a  e v e r y  0.5 second. Run number and c a l i b r a t i o n  i n f o r -  
m a t i o n  i s  a l s o  i n c l u d e d .  T h i s  p r o v i d e s  t h e  necessa ry  memory f o r  
l o n g  d u r a t i o n  f l y o v e r s  and s t o r e s  t h e  f l y a v e r  i n  c o n v e n i e n t  f o rm 
f o r  subsequent  p r o c e s s i n g .  
The raw spectrums a r e  i m m e d i a t e l y  r e a d  back i n t o  t h e  computer 
and c o n v e r t e d  t o  t r u e  sound p r e s s u r e  l e v e l s  u t i l i z i n g  t h e  c a l i b r a -  
t i o n  i n f o r m a t i o n .  T h i s  i s  t h e n  c o n v e r t e d  t o  raw EPNL. A f t e r  
e n t r y  o f  a i r c r a f t  range,  t h e  computer reads  t h e  a p p r o p r i a t e  a t -  
mospher ic  c o r r e c t i o n s  f r o m  d i g i t a l  magne t i c  t a p e  and c a l c u l a t e s  
c o r r e c t e d  EPNL. T h i s  EPNL i s  c o r r e c t e d  t o  a s t a n d a r d  day and 
i n c l u d e s  o t h e r  c o r r e c t i o n s  f o r  background, w indsc reen ,  g r a z i n g  
i n c f d e n c e  and g a i n  s e t t i n g .  
The EPNL and o t h e r  s u p p o r t  d a t a  a r e  o u t p u t  t o  a t h i r d  
d i g i t a l  t a p e  as an even f u r t h e r  condensed fo rm o f  t h e  o r i g i n a l  
ana log  tape .  I n  a d d i t i o n ,  EPNL and s u p p o r t  d a t a  a r e  o u t p u t  t o  
~i h a r d  copy.  The above sequence i s  accomp l i shed  f o r  each approach.  
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O p e r a t i o n a l  Procedures  
P r o f i l e  Geometry 
A number o f  d i f f e r e n t  two-segment p r o f i l e s  were f l o w n  by 
t h e  American A i r l i n e s  p r o j e c t  p i l o t  and t h e  NASA-Ames p r o j e c t  
p i l o t  p r i o r  t o  s t a r t  o f  t h e  g u e s t  p i l o t  e v a l u a t i o n  phase. A f t e r  
the f i r s t  week o f  f l y i n g  t h e  e v a l u a t i o n  a i r c r a f t  i n  V F R  wea thp r  
c o n d i t i o n s  a t  S t o c k t o n ,  t h e  p r o f i l e  shown i n  f i g u r e  4 1  was 
s e l e c t e d  as b e i n g  t h e  most a c c e p t a b l e  f o r  t h e  rema inder  o f  t h e  
e v a l u a t i o n .  I t  c o n s i s t e d  o f  a 6O upper  segment f r o m  l e v e l  
f l i g h t  a t  3000 f e e t  a l t i t u d e  t o  i n t e r c e p t i o n  o f  t h e  I L S  g l i d e  
s l o p e  a t  550 f e e t  a l t i t u d e .  The f i g u r e  4 1  p r o f i l e  was chosen 
b y  t h e  two p r o j e c t  p i l o t s  a f t e r  f l y i n g  a t o t a l  o f  80 day t ime ,  
V F R  approaches. 
I n  a d d i t i o n  t o  t h i s  exper ience ,  t h r e e  two-segment ap- 
proaches were f l o w n  a t  n i g h t .  The two-segment approach appears 
t o  be h i g h e r  and s t e e p e r  a t  n i g h t  t h a n  i t  does i n  d a y l i g h t ,  due 
t o  t h e  c o n t r a s t  o f  l i g h t s  a g a i n s t  t h e  b l a c k n e s s  o f  n i g h t .  How- 
e v e r ,  t h i s  was o n l y  e v i d g n t  a t  t h e  s t a r t  o f  t h e  approach (3000 
f e e t  and c a p t u r i n g  t h e  6 R N A V  g l i d e  s l o p e ) .  As t h e  a i r c r a f t  
s t a b i l i z e d  on t h e  upper  segment, t h e  approach appeared a s  i n  
day t ime.  rhese n i g h t t i m e  approaches were smooth and t h e  p r o j e c t  
p i l o t s  f e l t  t h a t  n i g h t t i m e  V F R  approaches wou ld  n o t  be a problem. 
Some t h r e e - e n g i n e  approaches ( w i t h  No. 1 e n g i n e  a t  i d l e  
t h r u s t )  were a l s o  made w i t h  no adverse  c o n t r o l  e f f e c t s .  W i t h  
an e n g i n e  l o s s  on t h e  upper  segment (6O g l i d e  s l o p e ) ,  t h e  s i t -  
u a t i o n  seemed more c o m f o r t a b l e  t h a n  when o p e r a t i n g  on t h r e e  
eng ines  d u r i n g  a normal  I L S  approach. The p i l o t  has more 
a l t i t u d e  d u r i n g  most o f  t h e  approach, and l e s s  power i s  r e q u i r e d  
on t h e  r e m a i n i n g  eng ines  t o  m a i n t a f n  a i r c r a f t  p o s i t i o n  on t h e  
g l i d e  s lope .  
two-segment approach t o  runway 29R a t  S t o c k t o n  i s  shown i n  f i g -  
u r e  14. The upper  d o t t e d  l i n e  r e p r e s e n t s  t h e  6O upper  segment 
g l i d e  s lope .  The l o w e r  d o t t e d  l i n e  r e p r e s e n t s  t h e  2.5O I LS  
g l i d e  s l o p e  a t  S tock ton .  The b l i p s  a l o n g  t h e  r a d a r  t r a c e  a r e  
t i m e  marks,  spaced 15 seconds a p a r t .  
i n i t i a t e d  a t  an approx ima te  range o f  36,000 ofeet (6.0nm) f ron!  
touchdown. The a i r c r a f t  f o l l o w s  a nomina l  6 R N A V  g l i d e  s l o p e  
t o  a p o i n t  a p p r o x i m a t e l y  550 f e e t  AFL and 1.8 n a u t i c a l  m i l e s  t o  
touchdown. I t  takes  a p p r o x i a m t e l y  100 seconds t o  c o v e r  t h i s  
p o r t i o n  o f  t h e  p r o f i l e  w i t h  a nomina l  w i n d  o f  8 k n o t s  f r o m  320'. 
A t y p i c a l  r a d a r  t r a c e  o f  a c t u a l  a i r c r a f t  p o s i t i o n  d u r i n g  a 
A c u r v e d  p i t c h - o v e r  t r a n s i t i o n  t o  t h e  upper  segment i s  
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The c u r v e d  p i t c h - u p  t r a n s i t i o n  i s  i n i t i a t  .1 a t  a p p r a x i -  
m d t e l y  550 f e e t  a l t i t u d e  and 10,800 f e e t  (1.8 nm) f rom touchdown, 
and i s  comple ted  a t  a p p r o x i m a t e l y  350 f e e t  o f  a ! t i t u d e  and e , O O O  
f e e t  (1.3 nm! f rom touchdown. The p i l o t  t h e n  proceeds a l o n g  
t h e  normal  I L S  g l i d e  s l o p e  .o touchdown. I t  t a k e s  a p p r o x i m a t e l y  
45 seconds t o  comp le te  t h e  second o r t i o n  o f  t h e  p r o f i l e  w i t h  
a nomina l  w i n d  o f  8 k n o t s  f rom 320 g . 
T h i s  two-segment p r o f i l e  d i d  n o t  have any d i sadvan tages  
when compared t o  t h e  o t h e r  c a n d i d a t e  two-segment p r o f i l e s .  A 
550 f e e t  ILS g l i d e  s l o p e  i n t e r c e p t  a l t i t u d e  p r o v i d e d  a p p r o x i -  
m a t e l y  45 seconds f o r  a p i l o t  t o  s t a b i l i z e  on t h e  l o w e r  ILS  
segment b e f o r e  touchdown. T h i s  was c o n s i d e r e d  t o  be  a s a f e  
t r a d e o f f  between t h e  minimum t i m e  r e q u i r e d  f o r  s a f e  approaches 
and t h e  d e s i r e  t o  max imize  t h e  r e d u c t i o n  o f  g round  l e v e l  n o i s e .  
P i  l o t  Procedures  
A p h o t o s i a p h  of t h e  g u e s t  p i l o t  i n s t r u m e n t  pane l  i s  shown i n  
f i g u r e  44. DME d i s t a n c e  t o  t h e  RNAV-generated upper  segment way- 
p o i n t  was used as t h e  p i l o t  cue t o  c o n f i g u r e  t h e  a i r c r a f t  f o r  
l l n d i n g  p r i o r  t o  c e n t e r i n g  on t h e  upper  segment. T h i s  i n f o r m a t i o n  
was d i s p l a y e d  i n  t h e  C o n v e n t i o n a l  DME window o f  t h e  C D T .  l r i i s  
d i s t a n c e  i n f o r m a t i o n  was supplemented by  t h e  two-segment approach 
p r o g r e s s  d i s p l a y  l i g h t s .  These u n t q u e  d i s p l a y s ,  i n  c o m b i n a t i o n  
w i t h  c o n v e n t i o n a l  A D T /  C D I  d t s p l a y s  o f  two-segment l a t e r a l  and 
v e r t i c a l ,  command and raw d a t a ,  r e p r e s e n t  t h e  p r i m a r y  i n s t r u m e n t s  
needed t o  execu te  t h e  f o l l o w i n g  two-segment approach p rocedures .  
p i l o t  s e t s  i n  t h e  VOR/DME c o o r d i n a t e s  f a r  t h e  upper  segment RNAV 
w a y p o i n t  on t h e  c e n t e r  pedes ta l -moun ted  V A C  c o n t r o l  p a n e l .  V e r t i -  
c a l  RNAV c o o r d t n a t e s  f o r  t h e  upper  segment a r e  s e t  i n t o  t h e  
a d j a c e n t  ADD c o n t r o l  pane l .  A pho tog raph  o f  t h e  RNAV c o n t r o l  
pane ls  i s  shown i n  f i g u r e  45. 
P r i o r  t o  b e g i n n i n g  t two-segment approach,  t h e  AA p r o j e c t  
A t  a c o n v e n i e n t  p o i n t ,  b e f o r e  r e a c h i n g  10 n a u t i c a l  m i l e s  
f rom t h e  R N A V  waypo in t ,  t h e  p i l o t  t unes  t h e  No1 1 r e c e i v e r  t o  
t h e  a p p r o p r i a t e  V O R T A C  f requency ;  t unes  t h e  No. 2 r e c e i v e r  t o  
t h e  a p p r o p r i a t e  ILS  f requency ;  and, r e s e t s  t h e  n a v i g a t i o n  mode 
s e l e c t  s w i t c h  t o  t h e  two-segment (RNAV-LOC) p o s i t i o n .  The 
f l i g h t  d i r e c t o r  i s  now armed t o  a u t o m a t i c a l l y  c a p t u r e  t h e  
l o c a l i z e r  and t h e  6 O  RNAV g l i d e  s lope .  
The p i l o t  proceeds t o  c a p t u r e  t h e  l o c a l i z e r  a t  an a l t i t u d e  
o f  3000 f e e t  (AFL), 10 n a u t i c a l  m i l e s  o u t  and e s t a b l i s h e s  an 
a i r s p e e d  o f  V re f  + 50 k n o t s ,  w i t h  a p p r o x i m a t e l y  3400 l b s / h r  f u e l  
f l o w  p e r  eng ine .  At t h i s  p o i n t  i n  t h e  p r o f i l e ,  t h e  V/L annun- 
c i a t o r  l i g h t  i s  g reen,  i n d i c a t i n g  l o c a l i z e r  c a p t u r e  and t h 2  R N A V  
G / S  l i g h t  i s  amber, i n d i c a t i n g  t h e  F / D  computer i s  armed t o  cap- 
t u r e  t h e  R N A V  G/S wh ich  i s  p o s i t i o n e d  ahead o f  t h e  a i r c r a f t  a t  
t h i s  p o i n t  i n  t h e  approach. 
A t  e i g h t  m i i e s  (as  shown by t h e  DME i n d i c a t o r )  t h e  f l a p s  
a r e  l owered  t o  20 and a i r s p e e d  i s  reduced t o  V re f  + 30 k n o t s ;  
seven m i l e s  o u t  t h e  f l a p s  a r e  l owered  t o  30° and a i r s p e e d  i s  
reduced t o  V r e f  + 20 k n o t s .  
w i t h  t h e  upper segment g l i d e  s l o p e  s t i l l  a p p r o x i m a t e l y  5000 
f e e t  ahead, t h e  v e r t i c a l  d e v i a t i o n  b a r  i n  t h e  AD1 s t a r t s  t o  
move down. The F / D  computer goes f r o m  arm t o  c a p t u r e  a t  a p p r o x i -  
m a t e l y  3300 f e e t  h o r i z o n t a l  d : s t a n c e  f rom t n e  upper  Lsgment 
g l i d e  s l o p e  c e n t e r l i n e ,  and t h e  p i t c h  command b a r s  i n  t h e  AD1 
s t a r t  t o  i n d i c a t e  a s h a l l o w  f l y - d o w n  s i g n a l  t o  t h e  6 O  R N A V  g l i d e  
s l o p e .  
A t  a p p r o x i m a t e l y  511 m i l e s  o u t ,  and 
The l a n d i n g  gear  i s  l o w e r e d  a t  i n i t i a l  movement o f  t h e  raw 
d a t a  v e r t i c a l  d e v i a t i o n  .need le  f r o m  t i b e  f u l J  f l y - u p  p o s i t f o n .  
S h o r t l y  t h e r e a f t e r ,  f l a p s  a r e  l o w e r e d  t o  40 , t h e n  t o  t h e  f u l l  
50° p o s i t i o n .  W h i l e  descend ing  on t h e  6’ g l i d e  s l o p e ,  t h e  V/L 
and RNAV G / S  l i g h t s  on “he approach Drogress  d i s p l a y  a r e  b o t h  
green. W h i l e  on t h e  6 G  G/S, and a i r s p e e d  o f  Vref  + 20 k n o t s  
i z  m a i n t a i n e d  w i t h  a f u e l  f l o w  o f  a p p r o x i m a t e l y  1500 l b s / h r  and 
1900 lbs /hr ,  depending on e x i s t i n g  w i n d  speed and d i r e c t i o n .  A 
f u e l  f l o w  o f  1500 l b s / h r  i s  enough t o  keep t h e  e n g i n e  s p o o l s  
s p i n n i n g  (i.e., 52% N y  and 7 5 %  N2). 
A t  1000 f e e t  above t h e  ground ( i n  t h i s  case, based on a 
s i g n a l  f rom t h e  r a d i o  a l t i m e t e r )  , t h e  F / D  computer a u t o m a t i c a l l y  
rearms f o r  c a p t u r e  o f  t h e  ILS  g l i d e  s lope .  T h i s  i s  i n d i c a t e d  
b y  t h e  G/;, l i g h t  on t h e  approach p r o g r e s s  d i s p l a y  g o i n g  f r o m  
OFF t o  A M B E R .  A t  app rox in ta te l y  550 f e e t ,  ++e F / D  c a p t u r e s  
t h e  upper  edge o f  t h e  I L S  g l i d e  s l o p e  beam. T h i s  i s  i n d i c a t e d  
hy  t h e  G/S l i g h t  g o i n g  from AMBER t o  GREEN and t h e  p i t c h  command 
b a r s  on t h e  A P I  s t a r t  t o  show a s h a l l o w  f l y - u p  s i g n a l  t o  t h e  
2 . 5 O  I L S  g l i d e  s lope .  The i... AV G/S l i g h t  goes o u t  a t  t h e  same 
t ime.  
Wh i le  u s i n g  command gu idance t o  p i t c h  up t h e  a i r c r a f t ,  t h e  
p i l o t  i n i t i a l l y  l e t s  t h e  a i r s p e e d  b l e e d  o f f  f r o m  V r  f + 20 t o  
V e f  + 10 kno ts .  He t h e n  b e g i n s  t o  a p p l y  power g r a s u a l l y  f r o m  
tKe upper  segment l e v e l  o f  1500 l b s / h r  e n g i n e  f u e l  f l o w  t o  a 
normal  approach l e v e l  a p p r o x i m a t e l y  3000 l b s / h r  eng ine  f l o w  i n  
o r d e r  t o  m a i n t a i n  p o s i t i o n  3n t h e  l o w e r  ILS  g l i d e  s l o p e  segment. 
The approach f rom t h i s  p o i n t  t o  touchdown i s  t h e n  comple ted  i n  
a normal  c o n v e n t i o n a l  manner. 
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A v i  o n i  cs Equi pment 
The a v i o n i c s  systems f l o w n  d u r i n g  t h i s  e v a l u a t i o n  a r e  r e p r e -  
s e n t a t i v e  o f  p r e s e n t  ' Is  t a t e - o f - t h e - a r t "  equipment t h a t  b a s  " o f f -  
t h e - s h e l f "  a v a i l a b i l i t y .  The m o d i f i c a t i o n s  r e q u i r e d  t o  a d a p t  
s e \ * e r a l  o f  t h e  system compo2ents a r e  m i n i m a l  and a r e  n e i t h e r  
expense ive  n o r  t i n e  consuming. 
m ise  between R & D o b j e c t i v e s  and t h e  r i g o r o u s n e s s  o f  d e s i g n  
r e q u i  remcnts f o r  an a i  r l  i n e - o p e r a t i  o n a l  sys tem. Because t h e  
f l i g h t  e v a l u a t i o n  was t o  be  accomp l i shed  i n  V F R  c o n d i t i o n s ,  
l i t t l e  e f f o r t  was expended on " f a i l - s a f e "  concep'is. The i n -  
s t a l l e d  s i n g l e - s y s t e m  pe r fo rmed  a d m i r a b l y  t h r o u g h o u t  t h e  p r o -  
gram, and o n l y  one premature  f a i l u r e ,  p r o b a b l y  dtie t o  human 
e r r o r ,  o c c u r r e d  on a s t e e r i n g  computer a t  t h e  o u t s e t  o f  t h e  
f l i g h t  t e s t  p rogram i n  C a l i f o r n i a .  
D i  s p l  ays 
The adequacy o f  command and raw d a t a  d i s p l a y  on t h e  A D 1  
and C D I  o f  t h e  FD-108 f l i g h t  d i r e c t o r  i s  a t t e s t e d  t o  by  t h e  
c o n s i s t e c c y  o f  t h e  approaches pe r fo rmed  by t h e  Dr imary  gues t  
p i l o t s  a f t k r  a two-hour  o r i e n t a t i o n  b r i P f i n g  and f i v e  o r a c t i c e  
approaches. T h i s  c o n s i s t e n c y  can be  a t t r i b u t e d  t', m a i n t a i n -  
i n g  a i r l i n e  s t a n d a r d  s c a l e s  and s e n F i t i v i t i e s  on a l l  f l i g h t  
i n s t r u m e n t  d i s p l a y s  wheneve,. p o s s i b l e .  
The e q u i  pmcnt c o n f i g u r a t i o n  r e p r e s e n t s  a rea;onab?e compro- 
One c i r cun ts tance  deve loped  d u r i n g  t h e  p r o j e c t  t h a t  was n o t  
r e s o l v e d .  S l i g h t  f l u c t u a t i o n s  o c c u r r e d  i?* t b - 1  g i i i h  ; t e e r i n g  
command d u r i n g  c a p t u r e  and t r a c k  of t h e  4 A V  g l i d e  
s lope .  C lose  o b s e r v a t i o n  r e v e a l e d  t h a t  t h k . ; e  b - r b . s  ;PW f r e -  
qldency d i s t u r b a n c e s  were r e f l e c t i o n s  o f  ,i mir ,ute v c f ' i a t i c n  i n  
t h e  v e r t i c a l  d e v i a t i o n  s i g n a l  f rom t h e  RNPV systen;. 
T h i s  v a r i a t i o n  i s  b e l i e v e d  t o  be  a p r o d u c t  o f  s l i g h t  i n -  
s t a b i l i t i e s  o f  t h e  DME d i s t a n c e  i n f o r m a t i o n  f u r r i i s h e d  t o  t h e  
R N A V  system t h a t  r e s u l t s  i n  v a r y i n g  t h e  p o s i t i o n  o f  t h e  
s e l e c t e d  w a y p o i n t  and t h e r e f o r e  t h e  upper  segment s lope .  I t  
can be shown t h a t  s l i g h t  d i s t u r b a n c e s  i n  t h e  w a y p c i n t  p o s i t i o n  
w i  11  produce o s c i  1 l a t i  ons i n  v e r t i c a l  d e v i  a t i o n  t h a t  i n c r e a s e  
as t h e  s l o p e  a n g l e  i n c r e a s e s .  
Any f u r t h e r  e f f o r t  t o  expand o r  improve  t h e  R N A V  concep t  
f o r  approaches based on d i s t a n c e / b e a r i n g  parameters  s h o u l d  make 
e x t r a  p r o v i s i o n s  t o  e s t a b l i s h  a s t a b l e ,  a c c u r a t e  w a y p o i n t  
datum. More p r e c i s e  a i r b o r n e  V O R  and DME r e c e i v e r s  appear t o  
be t h e  c r i t i c a l  s u p ? o r t i n g  equ ipment  f o r  t h e  R N A V  system. 
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Concern f o r  VOR/r)ME equipment accu racy  s h o u l d  n o t  be  r e -  
s t r i c t e d  t o  t h e  a i r b o r n e  components. V a r i a t i o n s  i n  t h e  ' J Q R / D Y E  
da ta  t r a n s m i t t e d  f rom t h e  S t o c k t o n  V O R T A C  n e c e s s i t a t e d  s l i g h t  
c o r r e c t i o n s  o f  o r i g i n a l  FAA-provided w a y p o i n t  c o o r d i n a t e s .  
C o r r e c t i o n s  on t h e  V A C  c o n t r o l  pane l  were r e q u i r e d  s e v e r a l  t imes  
t o  r e p o s i t i o n  t h e  two-seyment w a y p o i n t  t o  ach ieve  a 4 0 0 - f o o t  
a l t i t u d e  i n t e r c e p t  o f  t h e  S t o c k t o n  I L S  g l i d e  s lope .  
RNAV t o  F l i g h t  D i r e c t o r  I n t e r f a c e  
T h e - c a p t u r e  p o i n t  f o r  t h e  6 O  upper  segment wa! e v a l u a t e d  
w i t h  c a p t u r e  v a r y i n g  f r o m  200 f e e t  t o  600 f e e t  be low t h e  6* 
segmect. A v a l u e  of  300 f e e t  was f i n a l l y  S e l e c t e d  as g i v i n g  
t h e  p i l o t  s u f f i c i e n t  t i m e  t o  q n t i c i p a t e  c e n t e r i n g  on 6 0  RNA" 
g l i d e  s l o p e .  
Radio A l t i m e t e r  t o  F l i g h t  D i r e c t o r  I n t e r f a c e  
l o c k  f o r  a rming  t h e  ILS g l i d e  s l p e  mode o f  t h e  s t e e r i n g  computer 
was v e r y  e f f e c t i v e  i n  e l i m i n a t i n g  c a p t u r e  o f  f a l s e  ILS  lobes .  
However, a s i t u a t i o n  i n v o l v i n g  extremes i n  t e r r a i n  up t o  t h e  
runway t h r e s h o l d  c o u l d  p roduce eS t h e r  f a i l u r e  t o  arm, i n t e r m i t -  
t e n t  arm i n t e r l o c k ,  o r  p remature  arm, depending on topography .  
An improvement f o r  c o p i n g  w i t h  t h i s  s i t u a t i o n  c o u l d  i n v o l v e  a 
b a r o m e t r i  c - t r i  p mechanism r e f e r e n c e d  t o  runway e l e v a t i o n .  
Use of  t h e  1000- foo t  t r i p  o f  t h e  r a d i o  a l t i m e t e r  as an i n t e r -  
Approach Progress  D i s p l a y  
The advantages o f  a p rog ress  d i s p l a y  a r e  t h e  p r e s e n t a t i o n s  
o f  f l i g h t  d i r e c t o r  s t a c u s  and a n t i c i p a t i o n  cues t h r o u g h o u t  t h e  
approach. Another  i m p o r a n t  c o n s i d e r a t i o n  fo; t h i s  j r o g r e s s  
d i s p l a y  scheme i s  t h e  p a s s i v e  " f a i l u r e  warn ing "  a c t i o n  when t h e  
ARM t o  E N G A G i  ( A M B E R  t o  GREEN) t r a n s i t i o n  does n o t  co r respond  
w i t h  t h e  r a w  d a t a  d e v i a t i o n  i n f o r m a t i o n .  The ENGAGE ( G R E E N )  
i n d i c a t i o n  i n  each d i s p l a y  s e c t i o n  i s  a d i s c r e t e  o u t p u t  o f  t h e  
s t e e r i r r g  computer t h a t  v e r i f i e s  i n p u t  s i g n a l  p r o c e s s i n g  by t h e  
a p p r o p r i a t e  o p e r a t i o n a l  c i r c u i t s  w i  t h i n  t h e  computer. 
The re fo re ,  i f  t h e  ARM/ENGAGE t r a n s i t i o n  does n o t  o c c u r  a t  
the  p r e s e t  r a w  da ta  d e v i a t i o n  va lues ,  t h e  p i l o t  i s  i n f o r m e d  
t h a t  e i t h e r  a p r c c e d u r a l  e r r o r  has been commi t ted  o r  t h e  s t e e r -  
i n g  computer l o g i c  has ma7func t ioned.  I n  e i t h e r  case t h i s  
" f a i  ! - sa fe "  f e a t u r e  p e r m i t s  t h e  p i  l o t  t o  c o r r e c t  t h e  s i t u a t i o n  
or a b o r t  t h e  approach, as r e q u i r e d .  
Au iop i  l o t  
No p i t c h  d e v i a t i o n  i n f o r m a t i o n  was f u r n i s h e d  t o  t h e  a u t o -  
p i l o t  from 'he RNAV system d u r i n g  t h i s  program. T h i s  i s  n o t  t o  
say t h a t  a p i t c h  c o n t r o l  sys lem cou lU n o t  b e  a c g i s e d  t h a t  wou ld  
c a p t u r e  and t r a c k  RNAV v e r t i c a l  t r a c k  d e v i a t i o n ,  b u t  p r o v i s i o n  
o f  t h i s  c a p a b i l i t y  was b e y o r d  t h e  scope o f  t h i s  program. I n a s -  
much as t h e  c o n c e p t  f o r  t r a n s i t i o n  frorl :  l e v e l  f l i g h t  t o  6 O  t o  3' 
g l i d e  s l o p e s  was s a t i s f a c t o r i l y  deve loped  f a r  a f l i g h t  d i r e c t o r  
p i t c h  s t e e r i n g  s i g n a l ,  i t  f o l l o w s  t h a t  3 q u i v a l e n t  r e s u l t s  can 
b e  a c h i e v e d  f o r  a u t o p i l o t  p i t c h  s t e e r i n g  s i g n a l s .  
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P i l o t  O o i n i o n  
P r o f i l e  Geometry 
and m o n i t o r e d  t o  i n s u r e  t h a t  t h e y  f l y  t h e i r  j e t  t r a n s p o r t s  i n  
accordance w i t h  p r e s c r i b e d  o p e r a t i o n a l  p o l i c i e s  and p rocedures .  
A r e q u i r e m e n t  t h a t  has been s t r e s s e d  and h i g h l i g h t e d  w i t h  t h e  
adven t  o f  t h e  j e t  c i v i l  t r a n s p o r t s  was f o r  t h e  p i l o t  t o  g e t  i n t o  
t h e  l a n d i n g  c o n f i g u r a t i o n  as soon as p r a c t i c a b l e ,  p r e f e r a b l y  
a round 1000 f e e t  above t h e  groupd, and f rom t h a t  p o i n t  on  a t t e m p t  
t o  keep t h e  a i r c r a f t  and e n g i n e  power s t a b l i z e d  and a c o n s t a n t  
s i n k  r a t e  l e s s  t h a n  1000 f e e t / m i n u t e .  T h i s  t e c h n i q u e  i s  s a f e  and 
has p roven  t o  have c o n s i d e r a b l e  m e r i t  o v e r  t h e  p a s t  decade. 
The two-segment approach, t h e r e f o r e ,  i s  a d e p a r t u r e  f r o m  
t h e  e s t a b l i s h e d  method o f  l a n d i n g .  I n  g e n e r a l ,  t h e  g u e s t  p i l o t s  
c o n f i r m e d  a c c e p t a b i l i t y  o f  t h e  chosen p r o f i l e  f o r  t h e  VFR wea the r  
c o n d i t i o n s  a c t u a l l y  encoun te red  a t  S t o c k t o n  d u r i n g  t h e  e v a l u a -  
t i o n .  k t o t a l  o f  21 g u e s t  p i l o t  q u e s t i o n n a i r e s  were s u b m i t t e d .  
Responses t o  t h e  t h r e e  p r o f i l e - r e l a t e d  q u e s t i o n s  f n  t h e  p i l o t  
q u e s t i o n n a i r e  a r e  t a b u l a t e d  i n  f i g u r e  42. R e p r e s e n t a t i v e  r e -  
sponses a r e  q u o t e d  i n  t h e  r i g h t - h a n d  c o l u m .  
T r a d i  t i o n a l  l y  , a i  r l  i ne p i  1 o t s  have been t r a i  ned, r e f r e s h e d  
segmen 
v e r s e  
c a p t u r  
smooth 
p a t h  c 
The g u e s t  p i l o t s  ag reed  a l m o s t  unan imouc ly  t h a t  t h e  two-  
t p r o f i l e  f l o w n  d u r i n g  t h i s  e v a l u a t i o n  does n o t  i n d u c e  ad- 
f l i g h t  maneuvers and can be f l o w n  s a f e l y .  L e v e l  f l i g h t  
'e o f  t h e  upper  segment RNAV g l i d e  slop:! can be pe r fo rmed  
l y  and c o i n f o r t a b l y  w i t h  no tendency  t o  ove rshoo t .  F l i g h t  
ommand gu idance o f f e r s  t h e  p i l o t  c o n f i d e n c e  and assu rance  
t h a t  t h e  p r o p e r  a i r c r a f t  a t t i t u d e  can be e s t a b l i s h e d  and main-  
t a i n e d .  P i t c h - o v e r  i s  m i l d  and r e q u i r e s  no a b r u p t  e l e v a t o r  o r  
s t a b i l i z e r  movement. P i t c h - u p  c a p t u r e  of  t h e  l o w e r  segment I L S  
g l i d e  s l o p e  i s  a l s o  smooth and r e q u i r e s  no  a b r u p t  f l i g h t  c o n t r o l  
changes. 
Procedure  
The p r e v i o u s l y  d e s c r i b e d  two-segment approach p r o c e d u r e  
was used c o n s i s t e n t l y  by  t h e  26 gues t  p i l o t s  t h r o u g h o u t  t h e  day-  
t ime,  V F R  two-segment e v a l u a t i o n  f l i g h t s  l i s t e d  i n  f i g u r e s  20 
and 21. The p i l o t s  r e a c t e d  a l m o s t  unan imous ly  i n  f a v o r  o f  t h i s  
p r o c e d u r e  f o r  a 6O upper  segment, 550 f e e t  a l t i t u d e  i n t e r c e p t  
p r o f i l e .  R e s u l t s  f r o m  t h e  21 p i l o t  q u e s t i o n n a i r e s  f o r  t h e  p r o -  
c e d u r e - r e l a t e d  q u e s t i o n s  a r e  t a b u l a t e d  i n  f i g u r e  46. P i l o t  
q u e c t i o n n a i  r e  responses r e f l e c t i n g  g e n e r a l  a t t i  t udes  toward  t h e  
need f o r  n o i s e  abatement e f f o r t s  a r e  shown i n  f i g u r e  47. 
There was a genera l  f e e l i n g  t h a t  t h e r e  i s  no tendency  t o  
undershoo t  t h e  l o w e r  I L S  g l i d e  s l o p e  because t h e  s i n k  r a t e  i s  
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p r o t e c t e d  by an a i r s p e e d  cush ion ,  and e n g i n e  RPM on t h e  upper  
segment g l i d e  s ? o p e  i s  s u f f i c i e n t  t o  i n s u r e  adequate  e n g i n e  
responses  ( i . e . ,  s p o o l s  a r e  s t i l l  s p i n n i n g ) .  Power a p p l i c a t i o n  
a t  c a p t u r e  o f  t h e  I L S  g l i d e  s l o p e  does n o t  exceed t h e  l e v e l  r e -  
q u i r e d  d u r i n g  a normal  I LS  approach. 
Equipment 
I n  a l l  f a i r n e s s  t o  t h e  g u e s t  p i l o t s ,  i t  s h o u l d  be n o t e d  
t h a t  t h e  c o c k p i t  i n s t r u m e n t a t i o n  and a v i o n i c s  systems de-re loped 
f o r  t h i s  p r o j e c t  d i d  n o t  t o t a l l y  r e p r e s e n t  a t r u e  a i r l i n e  cock-  
p i t  env i ronmen t .  Some o f  t h e  c u e s t i o n s  i n  t h e  p i l o t  q u e s t i o n -  
n a i r e  r e q u i r e d  p r i o r  background and exposure  t o  c e r t a i n  o f  t h e  
a v i o n i c s  systems i n s t a l l e d  i n  t h e  t e s t  a i r c r a f t .  However, t h e  
g u e s t  p i l o t  responses  were t y p i c a l l y  t h o r o u g h  and d i s p l a y z d  a 
l o t  o f  i m a g i n a t i o n .  
The g u e s t  p i l o t s  were i n  agreement t h a t  t h e  two-segment 
d i s p l a y  i n f o r m a t i o n  p r o v i d e d  i n  t h e  e v a l u a t i o n  a i r c r a f t  i s  
adequate  f o r  VFR c o n d i t i o n s .  The p i t c h  s t e e r i n g  i n f o r m a t i o n  
d i s p l a y e d  on t n e  P.DI i s  c o n t i n u o u s  t h r o u g h o u t  t h e  approach;oand, 
i f  f o l l o w e d ,  p r o v i d e s  a smooth t r a n s i t i o n  t o  t h e  6 O  and 2.5 
g l i d e  s l o p e s .  The DME d i s t a n c e  t o  runway waypo in t ,  p r o g r e s s  
d i s p l a y  l i g h t s ,  and raw d a t a  i n f o r m a t i o n  p r o v i d e d  v a l u a b l e  a n t i -  
c i p a t i o n  cues. 
However, each g u e s t  p i l o t  had d i f f e r i n g  o p i n i o n s  abou t  t h e  
c o c k p i t  i n s t r u m e n t a t i o n  and systems r e q u i r e d  t o  s a f e l y  e x e c u t e  
two-segment approaches i n  adve rse  I F R  weathe r  c o n d i t i o n s .  Most  
o f  t h e  p i l o t s  d i d  n o t  f e e l  t h e r e  was a need f o r  a u t o t h r o t t l e  if 
a f u l l y - c o u p l e d  a u t o p i l o t  was implemented. They f e l t  an a u t o -  
t h r o t t l e  wou ld  be d e s i r a b l e ,  b u t  n o t  a n e c e s s i t y .  
A l l  o f  t h e  p i l o t s  f e l t  t h a t  when c o n d u c t i n g  two-segment 
approaches i n  I F R  c o n d i t i o n s ,  t h e r e  was an o b v i o u s  need f o r  
comp le te  s i g n a l  and d i s p l a y  redundancy between t h e  r i g h t -  and 
l e f t - h a n d  f l i g h t  i n s t r u m e n t s .  
Most  o f  t h e  p i l o t s  l i k e d  h a v i n g  raw d a t a  f o r  t h e  I L S  g l i d e  
s l o p e  d i s p l a y e d  c o n t i n u o u s l y  on t h e  C D I  t h r o u g h o u t  t h e  approach.  
T h i s  p r o v i d e d  a redundan t  sou rce  o f  assurance t h a t  t h e y  c o u l d  see 
t h e  I L S  G/S when a p p r o a c h i n g  t h e  l o w e r  i n t e r c e p t  p o i n t .  They 
knew t h e y  c o u l d  r e v e r t  t o  t h i s  r e f e r e n c e  i f  a u t o m a t i c  s w i t c h i n g  
o f  t he  AD1 command and raw d a t a  f r o m  RNAV t o  I L S  g l i d e  s l o p e  
s i g n a l s  d i d  n o t  occu r .  There was a l s o  a g e n e r a l  f e e l i n g  o f  t h e  
need f o r  a f e a t u r e  whereby t h e  a i r c r a f t  wou ld  be a u t o m a t i c a l l y  
l e v e l e d  o f f  a t  a p p r o x i m a t e l y  400 f e e t  a l t i t u d e ,  o r  an appro -  
p r i a t e  w a r n i n g  i f  t h e  a u t o m a t i c  s w i t c h i n g  f r o m  R N A V  t o  I L S  g l i d e  
s l o p e  d i d  n o t  o c c u r .  
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Most o f  t h e  p i l o t s  exp ressed  a d e s i r e  t h a t  b o t h  t h e  
v e r t i c a l  and l a t e r a l  modes be c o u p l e d  t o  t h e  a u t o p i l o t  t h r o u g h -  
o u t  t h e  two-segment approach. T h i s  was s t a t e d  as an e s s e n t i a l  
r e q u i r e m e n t  f o r  VFR and I F R  c o n d i t i o n s .  A few p i l o t s  a l s o  
t h o u g h t  i t  wou ld  be d e s i r a b l e  t o  have an a l t i t u d e  h o l d  command 
s i g n a l  on t h e  AD1 p r i o r  t o  c a p t u r e  o f  t h e  upper  segment. T h i s  
f e a t u r e  was n o t  i n c l u d e d  i n  t h e  equ ipment  p r o v i d e d  i n  t h e  p r e s e n t  
program. Two o f  t h e  p i l o t s  i n d i c a t e d  t h a t  t h e y  had t o  pay an 
e x c e s s i v e  amount o f  a t t e n t i o n  t o  t h e  d i s p l a y s  d u r i n g  a two-  
segment approach as compared t o  a normal  I LS  approach. 
Weather Minimums 
Guest p i l o t  o p i n i o n  abou t  t h e  i m p a c t  o f  wea the r  minimums 
on two-segment concep ts  was d i v e r s e  and ranged  ove- t h e  e n t i r e  
spec t rum o f  p o t e n t i a l  o p e r a t i o n a l  p o l i c i e s .  A l l  01 t h e  g u e s t  
p i l o t s  were i n  agreement t h a t  t h e  p r o f i l e ,  p rocedures ,  and e q u i p -  
ment a c t u a l l y  f l o w n  a t  S t o c k t o n  were f u n d a m e n t a l l y  adequate  f o r  
t h e  f a i r  weather,  VFR c o n d i t i o n s  encoun te red .  The d i f f e r e n c e s  
o f  o p i n i o n  and r e s e r v a t i o n s  b e g i n  t o  o c c u r  when t h i s  f i r s t - h a n d  
e x p e r i e n c e  i s  e x t r a p o l a t e d  t o  IFR wea the r  c o n d i t i o n s .  
Responses t o  t h e  two w e a t h e r - r e l a t e d  q u e s t i o n s  i n  t h e  p i l o t  
q u e s t i o n n a i r e  a r e  shown i n  f i g u r e  48. S i x  o f  t h e  g u e s t  p i l o t s  
d i d  n o t  g e t  t h e  o p p o r t u n i t y  t o  f l y  under  t h e  hood. N e v e r t h e l e s s ,  
t h e y  a l s o  e s t i m a t e d  wea the r  minimum c r i t e r i a .  
There was no m a j o r i t y  o p i n i o n  on  t h e  v a l u e  f o r  a minimum 
c e i l i n g ,  b u t  11 o f  t h e  21 p i l o t  responses  i n d i c a t e d  a p r e f e r e n c e  
f o r  c o n t i n u e d  use o f  p r e s e n t  Category  I / C a t e g o r y  I 1  minimums. 
A r e l a t e d  i s s u e  i n v o l v e s  t h e  b u f f e r  ( a l t i t u d e  d i f f e r e n c e  between 
I L S  i n t e r c e p t  a l t i t u d e  and minimum c e i l i n g )  w h i c h  t h e  g u e s t  p i -  
l o t s  f e l t  t h e y  wou ld  be c o m f o r t a b l e  w i t h  d u r i n g  an IFR two-  
segment approach. A s p e c i a l  t a b u l a t i o n  o f  t h e  responses  t o  
q u e s t i o n s  ( 4 )  and ( 5 )  i n  t h e  p i l o t  q u e s t i o n n a i r e  i s  shown i n  
f i g u r e  49. 
T h i s  t a b u l a t i o n  i n d i c a t e s  t h a t  a s t r o n g  m a j o r i t y  o f  17 
p i l o t s ,  who had p r e f e r e n c e  f o r  min ima o t h e r  t h a n  Category  I and 
Ca tegory  11, p r e f e r r e d  t h e  I L S  i n t e r c e p t  a l t i t u d e s  above t h e  
minimum c e i l i n g ,  t h e  b u f f e r  averaged 350 f e e t  o v e r  a range  f r o m  
100 f e e t  t o  900 f e e t .  A l t e r n a t i v e l y  f o u r  p i l o t s  wanted t o  be 
v i s u a l  a t  t h e  I L S  t r a n s i t i o n  a l t i t u d e .  The s t a t e d  a l t i t u d e  
m a r g i n  below t h e  p r e v a i l i n g  c e i l i n g  averaged 400 f e e t  o v e r  a 
range  f r o m  100 f e e t  t o  600 f e e t .  
These r e s u l t s  a r e  n o t  c o n c l u s i v e ;  b u t ,  t h e r e  i s  a g e n e r a l  
p a t t e r n  wh ich  i n d i c a t e s  t h e  d e s i r e  f o r  an approx ima te  4 0 0 - f o o t  
a l t i t u d e  b u f f e r  between t h e  I L S  i n t e r c e p t  a l t i t u d e  and t h e  I F R  
c e i l i n g  minimum w h i c h  i s  cnosen f o r  t h e  two-segment approach. I t  
i s  a l s o  c l e a r  t h a t  two-segment approach minimums w i l l  have t o  be 
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d e f i n e a  and deve loped i n  t n e  same tnanner as s ing le -segmen t  I L S /  
VOR/ADF approach minima. 
P i  1 o t  T r a i  n i  n q  
The e x p e r i e n c e  l e v e l  o f  t h e  g u e s t  p i l o t s  p rog ressed  
t h r o u g h  a whole spectrum, f r o m  NASA r e s e a r c h  p i l o t s  t o  a i r l i n e  
. i n e  p i l o t s ,  a i r l i n e  management p i l o t s ,  and ALPA/APA r e p r e s e n -  
t a t i v e s .  T h i s  a l s o  i n c l u d e d  s e v e r a l  r e t i r e d  a i r l i n e  c a p t a i n s  
a c t i n g  i n  t h e  c a p a c i t y  o f  a v i a t i o n  c o n s u l t a n t s .  P r e v i o u s  f l i g h t  
e x p e r i e n c e  f o r  t h e  gues t  p i l o t s  l i s t e d  i n  f i g u r e s  20 and 21 
averaged a p p r o x i m a t e l y  13,000 hours  and ranged between 4,000 and 
26,000 hours .  Some o f  t hese  p i l o t s  had n e v e r  f l o w n  a 707- t ype  
a i r c r a f t ,  and some had neve r  f l o w n  a C o l l i n s  FD-108 f l i g h t  
d i r e c t o r .  Most were n o t  a c q u a i n t e d  w i t h  a r e a - n a v i g a t i o n  concepts  
o r  p rocedures .  
Any i l S - t r a i n e d  p i l o t  wou ld  have no d i f f i c u l t y  f l y i n g  t h i s  
approach, p r o v i d e d  he has been p r o p e r l y  t r a i n e d  i n  t h e  two-  
segment approach procedures  deve loped f o r  t h i s  p r o j e c t .  The l a c k  
o f  707 o r  RNAV e x p e r i e n c e  d i d  n o t  appear  t o  a f f e c t  f l y a b i l i t y  o f  
t h e  two-segment approach. However, t h o s e  p i l o t s  who had no 
p r e v i o u s  C o l l i n s  FD-108 f l i g h t  d i r e c t o r  e x p e r i e n c e  t o o k  somewhat 
l o n g e r  t o  g e t  c o m f o r t a b l e  w i t h  t h e  p i t c h  command V-bars i n  t h e  
A D 1  d i s p l a y .  
The gues t  p i l o t s  s t a t e a  t h e y  a r r i v e d  a t  M o f f e t t  F i e l d  w i t h  
an i n i t i a l  apprehens ive ,  s k e p t i c a l  a t t i t u d e  t o w a r d  t h e  d e s i r a b i l -  
i t y ,  a c c e D t a b i l i t y ,  and f e a s i b i l i t y  o f  two-segment approach 
techn iques .  T h e i r  r e a c t i o n  by  t h e  end o f  t h e i r  e v a l u a t i o n  f l i g h t  
was n e a r l y  a comple te  r e v e r s a l  t o  o p i n i o n s  r a n g i n g  f r o m  c a u t i o u s  
o p t i m i s m  t o  m i l d  enthus iasm. T n e i r  c o n f i d e n c e  i n  acceptance o f  
t h e  concep t  appeared t o  p r o g r e s s  i n  d i r e c t  p r o p o r t i o n  t o  t h e .  
number o f  approaches f l o w n .  
T h i s  suggests  t n e  p o s s i b i l i t y  t h a t  f l i g h t  t r a i n i n g  f o r  t h e  
t y p i c a l  l i n e  p i l o r  wou ld  n o t  have t o  be v e r y  e x t e n s i v e .  A l t h o u g h  
t h e  two p r o j e c t  p i l o t s  were t h e  o n l y  ones who had t h e  advantage 
o f  s i m u l a t o r  t i m e  p r i o r  t o  a c t u a l l y  f l y i n g ,  l a c k  o f  s i m u l a t o r  
t r a i n i n g  a i a  n o t  seem t o  hamper t h e  g u e s t  p i l o t s .  The concen- 
t r a t e d  two-hour  p r e f l i g b t  b r i e f i n g  c o u l d  be expanded somewhat, 
b u t  t h i s  p r e f l i g h t  exposure seemed t o  p rove  adequate.  
The f i v e  approach f l i g h t  t r a i n i n g  sequence f o r  t h e  g u e s t  
p i l o t s  a l s o  appeared t o  be s u f f i c i e n t .  T y p i c a l l y ,  a g u e s t  p i l o t  
seemed t o  have t n e  p rocedure  i n  hand by  t h e  t h i r d  p r a c t i c e  ap- 
proach.  The second s e t  o f  f i v e  approaches s e r v e d  as a con f idence  
b u i l d e r ,  ana would be a s u i t a b l e  nunber  i n  any f l i g h t  t r a i n i n g  
program. 
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Passenger O p i n i o n  
Most o f  t h e  f l i g h t  o b s e r v e r s  d u r i n g  t h i s  p rogram were 
i n v i t e d  on t h e  b a s i s  o f  t h e i r  p r o f e s s i o n a l  i n t e r e s t  and need t o  
Itnow. They were n o t  p r e - s e l e c t e d  as b e i n g  n e c e s s a r i l y  r e p r e s e n -  
t a t i v e  o f  t h e  t r a v e l i n g  p u b l i c .  However, t h e i r  p resence afid 
w i l l i n g n e s s  t o  f i l l  o u t  passenger  q u e s t i o n n a i r e s  r e p r e s e n t e d  a 
c o n v e n i e n t  o p p o r t u n i t y  t o  assess t h e  p o t e n t i a l  o f  a p a s s e n g e r ' s  
r e a c t i o n  t o  t h e  two-segment approach p rocedure .  
Sample C n a r a c t e r i  s t i  cs 
The s e a t  d i s t r i b u t i o n  o f  f l i g h t  o b s e r v e r  responses  i s  
snown i n  f i g u r e  52. The responses  i n  t h e  two-segment sample a r e  
w e l l  d i s p e r s e d  t h r o u g h o u t  t h e  c a b i n .  T h i s  i s  somewhat l e s s  t r u e  
f o r  t h e  normal  approach sample wh ich  was a p p r o x i m a t e l y  50% 
s m a l l e r  t h a n  t h e  two-segment sample. 
Respondent c h a r a c t e r i  s t i  c s  i n t h e  sample a r e  tabu1  a t e d  i n  
f i g u r e  53 and f i g u r e  54. The l a r g e s t  p o r t i o n  o f  t h e  two-segment 
sample was o b t a i n e d  f o r  t h e  s i x t h  and s e v e n t h  approaches i n  t h e  
two-segment sequence. The l a r g e s t  p o r t i o n  o f  t h e  normal  ap- 
oroach sample was o b t a i n e d  a f t e r  t h e  o b s e r v e r  had a l r e a d y  
e x p e r i e n c e d  t e n  two-segment approaches ( q u e s t i o n  B and f i g u r e  
23). 
Observer  o c c u p a t i o n  was d i v e r s e  w i t h  c o n c e n t r a t i o n s  i n  
A i r l i n e ,  A i r p o r t  P l a n n i n g ,  A v i a t i o n ,  and NASA ( q u e s t i o n  E ) .  The 
sample was p r e d o m i n a t l y  ma le  ( q u e s t i o n  F ) .  
The o b s e r v e r 3  i n  t h e  sample were v e r y  e x p e r i e n c e d  commer- 
c i a i  a i r l i n e  t r a v e l e r s .  F o r  example, i n  t h e  two-segment sample, 
6 .7% f l e w  on bus iness  f l i g h t s  s i x  o r  more t i m e s  i n  t h e  p a s t  1 2  
m.onths; 34% i n  t h e  two-segment sample a l s o  f l e w  f o r  p e r s o n a l /  
p l e a s u r e  reasons a t  l e a s t  two t o  f i v e  t i m e s  i n  t h e  p a s t  12  months 
( q u e s t i o n  C ) .  
P i l o t  e x p e r i e n c e  i n  t h e  sample was r a t h e r  heavy. Only 37% 
o f  t h e  two-segment sample d i d  n a t  have p i l o t  e x p e r i e n c e  ( q u e s t i o n  
D )  
Normal ve rsus  Two-Segment Approaches 
I n  accordance w i t h  s t a n d a r d  s t a t i s t i c a l  p r a c t i c e ,  95% 
s t a t i s t i c a l  c o n f i d e n c e  l i m i t  t e s t s  were a p p l i e d  t o  each e v a l u a -  
t i o n  parameter .  I f  a d i f f e r e n c e  i n  average response f o r  a g i v e n  
pa ramete r  met t h e  95% c o n f i d e n c e  t e s t ,  t h e n  t h e  response f o r  t h a t  
pa ramete r  was judged  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  
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The s i g n i f i c a n t  d i f f e r e n c e s  between a two-segment approacn 
and a normal  approach a r e  s,rawn i n  f i g u r e  55. I n  an " o v e r a l l "  
sense, t h e  two-segment was r a t e d  s l i g h t l y  b e t t e r  t h a n  t h e  no rma l .  
T h i s  r a t i n g  r e f l e c t s  t h e  n e t  r e s u l t  o f  t h e  f o u r  s i g n i f i c a n t  
passenger pa ramete rs  shown i n  f i g u r e  5 5 ,  namely: 
Smooth - Bumpy 
Q u i e t  - N o i s y  
Gradual  - Steep 
s1 ow - F a s t  
The two-segment was r a t e d  as r e l a t i v e l y  l e s s  bumpy and 
l e s s  n o i s y ,  b u t  s t e e p e r  and f a s t e r .  O f  p a r t i c u l a r  i n t e r e s t  i s  
t h e  l a r g e  s p r e s d  between t h e  l a t t e r  two pa ramete rs  and t h e  f i r s t  
two pa ramete rs  i n  f a v o r  o f  t h e  normal  approach; and y e t ,  t h e  
o v e r a l l  r a t i n g  was i n  f a v o r  o f  t h e  two-segment. T h i s  i n d i c a t e s  
t h a t  t h e  responden ts  w e i g h t e d  bumpiness and n o i s e  more h e a v i l y  
t h a n  s teepness  and speed i n  t h e i r  o v e r a l l  r a t i n g .  
F i r s t - c l a s s  ve rsus  Coach S e c t i o n  
s e a t  responses  d u r i n g  t h e  upper  segment o f  t h e  two segment ap- 
p roach  a r e  shown i n  f i g u r e  56.  I n  t h e  " o v e r a l l "  sense, f i r s t -  
c l a s s  was r a t e d  s l i g h t l y  b e t t e r  t h a n  coach. T h i s  r a t i n g  r e f l e c t s  
t h e  n e t  r e s u l t  o f  t h e  t h r e e  s i g n i f i c a n t  passenger  pa ramete rs  
shown i n  f i g u r e  5 6 ,  namely:  
The s i g n i f i c a n t  d i f f e r e n c e s  between f i r s t - c l a s s  and coach 
Smooth - Bumpy 
Q u i e t  - N o i s y  
No V i b r a t i o n  - V i b r a t i o n  
Each o f  t h e s e  pa ramete rs  was r a t e d  as r e l a t i v e l y  more 
seve re  w h i l e  s e a t e d  i n  coach, w i t h  v i b r a t i o n  b e i n g  s i g n i f i c a n t l y  
more n o t i c e a b l e  i n  coach. 
The d r a n a t i c  d i f f e r e n c e  i n  v i b r a t i o n  between f i r s t - c l a s s  
and coJch i s  f u r t h e r  h i g h l i g h t e d ,  when t h e  two-segment v i b r a t i o n  
r e s u l t s  a r e  compared t o  t h e  normal  approach v i b r a t i o n  r e s u l t s  i n  
f i g u r e  57.  Two-segment v i b r a t i o n  was r a t e d  o v e r a l l  as b e i n g  
s l i g h t l y  more seve re  t h a n  d u r i n g  a normal  approach. T h i s  was 
a l s o  t r u e  whe the r  t h e  responden t  was s e a t e d  i n  f i r s t - c l a s s  o r  
coach, w i t h  v i b r a t i o n  b e i n g  s i g n i f i c a n t l y  more n o t i c e a b l e  i n  
coach, r e g a r d l e s s  o f  whe the r  i t  was a two-segment o r  nc rma l  ap- 
p roach .  
Weather and T e r r a i n  
i n  r e l a t i v e l y  calm, day t ime ,  V F R  weather  t o  an a i r p o r t  su r rounded  
by f l a t ,  r u r a l  t e r r a i n .  I n  an a t t e m p t  t o  compensate f o r  t h i s ,  
A l l  o f  t h e  approaches i n  t h i s  passenger  sample were f l own  
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t h e  respondents were a l s o  asked t o  s p e c u l a t e  on t h e i r  r e a c t i o n s  
t o  o t h e r ,  more adverse f l i g h t  c o n d i t i o n s  ( q u e s t i o n  4 ) .  
A m a j o r i t y  o f  t h e  respondents s a i d  t e r r a i n  f e a t u r e s  would 
have no e f f e c t  on t h e i r  r e a c t i o n  t o  e i t h e r  -he nGrmal o r  t w o -  
segment procedure.  However, a s i z a b l e  m i n o r i t y  o f  t h e  respon-  
den ts  s a i d  they  would be r e l a t i v e l y  more concerned abou t  normal 
approaches ove r  i n d u s t r i a l ,  r e s i d e n t i a l ,  and mountainous areas,  
t han  t L e  would be abou t  two-segment approaches o v e r  t h e  same 
areas.  Sample r e s u l t s  a r e  shown i n  f i g u r e  58. 
A m a j o r i t y  o f  t h e  respondents a l s o  s a i d  adverse weather  
would have no e f f e c t  on t h e i r  r e a c t i o n .  Again,  however, a 
s i z a b l e  m i n o r i t y  s a i d  t h e y  would be r e l a t i v e l y  more concerned 
about  normal approaches i n  c loudy / foggy  weather  and a t  n i g h t  
t han  t h e y  would be abou t  two-segment approaches i n  t h e  same con- 
d i t i o n s .  Sample r e s u l t s  a r e  shown i n  f i g u r e  59. 
Almost equal ,  b u t  s i z a b l e ,  m i n o r i t y  concern was a l s o  e x -  
pressed about  t h e  e f f e c t s  o f  t u r b u l e n t / r o u g h  a i r .  C o n s i d e r i n g  
a l l  t h e  t e r r a i n  and weather  f a c t o r s  i n c l u d e d  on t h e  q u e s t i o n n a i r e ,  
t u r b u l e n t / r o u g h  a i r  r e p r e s e n t s  t h e  m o s t  s i g n i f i c a n t  concern,  as 
shown i n  f i g u r e  59. 
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Eng i neer i n g  Data  
Acoustics Measurements 
g l i d e  s lope w i t h  upper i n t e r c e p t  a t  3000 f e e t  a n d  a 550 f e e t  
i n t e r c e p t  of t h e  StocktoB g l i d e  s lopeof  2 . 5  degrees .  
ton ILS g l i d e  slope ( 2 . 5  ) was chosen a s  the  noise  measurement 
re ference  p r o f i l e .  The max imum noise  reduct ions  achieved i n  
t h i s  t e s t  program were from 6 . 5  t o  1 6 . 0  EPNdB a t  p o i n t s  from 
1 t o  6 naut ica l  miles  from runway threshold  along a n  extension 
of t h e  runway c e n t e r l i n e .  See f i g u r e  61. The average mea- 
sured noise  l e v e l s  a t  each noise  measurement s i t e  under t h e  
approach path a r e  s t a t i s t i c a l l y  w i t h i n  + 1 . 5  EPNdB of t he  t r u e  
acous t i c  l eve l  a t  the s i t e  f o r  both the-reference and des i r ed  
p r o f i l e  da t a .  The two-segment approach t y p i c a l l y  had a s t a n -  
dard devia t ion  of approximately 2.5 EPNdB.  T h i s  i s  a measure 
o f  t he  ac tua l  da:a s c a t t e r .  
The des i red  approach p r o f i l e  f o r  t h i s  t e s t  was a 6-degree 
The Stock- 
Two-segment approaches achieve noise  reduct ion  from two 
sources:  1 )  an increased d i s t ance  above the ground a n d  2 )  a 
reduct ion i n  noise  leve l  a s  a - f u n c t i o n  of s l a n t  range due t o  
reduced power s e t t i n g s .  Power changes a r e  e s p e c i a l l y  ev ident  
a t  t he  lower t r a n s i t i o n  where the  two-segment has a lower noise 
level  a t  t he  same a l t i t u d e  as  the ILS approach. 
Inclusion o f  two-segment approaches i n t o  present  noise  
exposure f o r e c a s t  (NEF)  computations y i e l d  answers t h a t  a r e  n o t  
cons i s t en t  w i t h  ac tua l  measurements. Care must be taken i n  t he  
use o f  t h e  present  N€F computat’on t o  provide f o r  t he  power 
change a t  t h e  lower t r a n s i t i o n  a n d  for s i d e l i n e  c o r r e c t i o n s .  
The u p p e r  t r a n s i t i o n  a f f e r t s  t he  e x i s t i n g  N E F  p red ic t ion  t ech -  
r!ques l e s s  d r a s t i c a l l y .  
Incremental noise  l e v e l s  along the approach g r o u n d  t rack  
a r e  s i g n i f i c a n t l y  a f f e c t e d  by p i lo t -ope ra t ing  technique,  esp- 
e c i a l l y  power changes. Further  reduct ions  of 1 t o  2 EPNdB may 
be achieve” a t  c r i t i c a l  p o i n t s  on  t he  approach ground track by 
control  or a i r c r a f t  a t t i t u d e ,  speed, a n d  power changes. 
The meteorological data  recorded near noise  measurement 
s i t e  3 i s  shown i n  f i gu re  60. This d a t a  was used d u r i n g  noise  
data processing fo c o r r e c t  raw E P N L  measurements t o  a s t a n d a r d  
acous t i c  day. 
m p h )  on severa l  occasions.  However, t he  recorded E P N L  values 
were cor rec ted  by using microphone windscreen co r rec t ion  va lues .  
A review o f  ac tua l  a i r c r a f t  pos i t ion  radar  p l o t s  confirmed the  con- 
s i s t ency  w i t h  which the gues t  p i l o t s  f lew the  des i r ed  two-segment 
Wind speed exceeded the  F A R  P a r t  36 L i m i t  of 10 knots (11.5 
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p r o f i l e  t h r o u g h o u t  t h e  p r e v a i l i n g  w ind  speeds and d i r e c t i o n .  
There fo re ,  no n o i s e  d a t a  was e l i m i n a t e d  due t o  i n c o n s l s t e c c i e s  
i n  a i r c r a f t  f l i g h t  p a t h .  A l t h o u g h  t h r e e - d i m e n s i o n a l  d i g 1  . a 1  
t r a c k i n g  d a t a  i s  more a c c u r a t e ,  t h e  a v a i l a b l e  two-d imens iona l  
t r a c k  d a t e  i n t r o d u c e d  a maximum e r r o r  i n  t h e  a c o u s t i c  r e s u l t s  
o f  ' less t h a n  50 .25  ?PNdB f o r  t h i s  t e s t .  T h i s  number i s  based 
on a tmospher i c  a b s o r p t i o n  d i f f e r e n c e s  between t h e  t r u e  s l a n t  
range  a t  t h e  t i m e  o f  maximum t o n e - c o r r e c t e d  p e r c e i v e d  n o i s e  
l e v e l  (PNLT,) and v e r t i c a l  d i s t a n c e  a t  t h e  t i m c  o f  PNLTma,. 
For  t h i z  reason,  EPNL was p l o t t e d  as a f u n c t i o n  o f  s l a n t  
range  f r o m  t h e  two-d imens iona l  t r a c k  d a t e  w i t h  a minimum 
i n t r o d u c t i o n  o f  e r r o r .  
3D-RNAV Data 
F i g u r e s  64  t h r o u g h  82 i l l u s t r a t e  t h e  3D-RNAV d a t a  r e s u l t s .  
The d a t a  p l o t t e d  use r e c o r d e d  r a d a r  p o s i t i o n  as a b a s i s  f o r  com- 
p a r i s o n .  T h e r e f o r e ,  e r r o r s  i n  t h e  t r a c k i n g  r a d a r  and antenna 
b o r e s i g h t i n g  a r e  i n c l u d e d  i n  t h e  r e s u l t s .  A l s o ,  e r r o r s  i n  t h e  
ground and a i r b o r n e  i n s t r u m e n t a t i o n  a r e  i n c l u d e d  i n  t h e  da ta  and 
n o t  i d e n t i  f i  ab1 e. 
Most f i g u r e s  show maximlrm, minimum, and mean o f  t h e  d a t a  
ana lyzed .  Fo r  i s o l a t e d  cases t h e  s t a n d a r d  d e v i a t i o n  i s  shown. 
I t  i s  b e l i e v e d ,  however, t h a t  t h e  ex t reme v a l u e s  o f  maximum 
and minimum a r e  o f  t h e  w i d e s t  i n t e r e s t .  
Data near  touchdown (0.2. n.m.) i s  o f t e n  n o t  i n c l u d e d  i n  t h e  
f i g u r e s ,  s i n c e  t h e  p rocedure  o f  p u l l i n g  up f c r  go tng  around 
i r l f l u e n c e d  t h e  d a t a  t a k e n  near  t h e  runway. 
On s e v e r a l  f i g u r e s  an approach window 0.6 n.m. t o  runway touch -  
down i s  i l l u s t r a t e d .  T h i s  window i s  nea r  t h e  m i d d l e  marke r .  
D a t a  c l o s e r  t o  touchdown i s  a f f e c t e d  by  t h e  p u l i u p  approaches.  
T h e r e f o r e ,  a window f a r  enough f rom t h e  runway was chosen so 
i t  would n o t  be i n f l u e n c e d  by p u l l u p s .  I t  o f f e r s  a means o f  
compar ing v e r t i c a l  h e i g h t  f o r  v a r i o u s  c o n d i t i o n s  o f  p i l o t a g e ,  
s i n c e  t h e  p l o t t e d  d a t a  i s  n o t  r e a d i b l e  because o f  s c a l i n g .  
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The m a t e r i a l  t o  f o l l o w  i s  o r g a n i z e d  i n t o  g e n e r a l  r e s u l t s  and 
s p e c i f i c  r e s u l t s .  A l i s t  i s  shown be low:  
OVERALL RESULTS F I 8s U R E S 
A l t i m e t e r  E r r o r  64 
System C r o s s t r a c k  E r r o r  65 
System A l o n g t r a c k  E r r o r  66 
SPEC1 FI C RESULTS 
P r o f i l e  D e f i n i t i o n  67, 68, 69, 70, 71 
A i r c r a f t  V e r t f r . a l  T r a j e c t o r i e s  72, 73, 74, 75, 76 
A i r c r a f t  L a t e r a  1 T r a j e c t o r i e s  77 
N a t u r e  o f  Dev i  a t  i on 78, 79, 80, 81 
Programmed E x c c r s i o n s  82 
A l t i m e t e r  e r r o r  i s  shown i n  F i g u r e  64. A l t h o u g h  t h e  mean 
e r r o r  was l e s s  t h a n  30 f e e t ,  e r r o r s  as l a r g e  as  150 f e e t  were 
reco rded .  T h i s  r e s u l t e d  from s e v e r a l  reasons .  One was i n s t r u -  
m e n t a t i o n  e r r o r .  E l e c t r o - m e c h a n i c a l  a n a l o g - t o - d i g t t a l  c o n v e r t e r s  
were used f o r  d a t a  p r o c e s s i n g .  A l s o  f i e l d  p r e s s u r e  a l t i t u d e  was 
c o r r e c t e d  t h e  f i r s t  approach o f  t h e  morn ing .  O f t e n  i t  was n o t  
r e s e t  f o r  subsequent approaches. 
i n s e r t e d  i n t o  t h e  “ N - l t  computer r e f e r e n c e d  t o  t h e  VOR/DME 
s t a t i o n .  The RNAV computer s e t t i n g s  were e m p i r i c a l l y  o b t a i n e d  
such t h a t  a 3 0 0 - f o ~ t ~ i n t e r c e p t  wou ld  be o b t a i n e d  a t  t h e  i d e a l  
c r o s s o v e r  o f  t h e  2-& and 6 O  g l i d e s l o p e s  ( a t  300 f e e t  a l t i t u d e ) .  
The RNAV e r r o r  was d e f i n e d  r e l a t i v e  t o  t h e  waypo in t  as 
The f i r s t  w a y p o i n t  was based on t h e  g e o m e t r i c  l o c a t i o n  
o f  t h e  i d e a l  w a y p o i n t  r e f e r e n c e d  t o  t h e  S t o c k t o n  VOR/DME 
s t a t i o n  (3.4 n.m. a t  306.4O). The r e s u l t a n t  v e r t i c a l  p r o f i l e  
was t o o  h i g h  a t  the t r a n s f t i o n  t o  t h e  2-40 g l i d e s l o p e .  The 
w a y p o i n t  a p p a r e n t  trl t h e  V A C  was 0.2 nm c l o s e r  t o  touchdown 
than d e s i r e d .  The w a y p o i n t  c o o r d i n a t e s  were moved 0.2 nm c l o s e r  
t o  touchdown ( r e s u l t i n g  i n  a 3 0 0 - f o o t  i d e a l  t r a n s i t i o n  t o  t h e  
2-4’ g l i d e s l o p e )  by a l t e r i n g  t h e  w a y p o i n t  c o o r d i n a t e s  t o  3.6 
nm a t  306.4O. The r e s u l t a n t  v e r t i c a l  p r o f i l e  was a p p r o x i m a t e l y  
as d e s i r e d ,  b u t  t h e  R N A V  c r o s s - t r a c k  e r r o r  Wac now a p p r o x i m a t e l y  
0.2 nm f o r  t h e  second w a y p o i n t  s e & t i n g .  A t h i r d  waypo tn t  was, 
t h e r e f o r e ,  s e t  t o  3 .5  nm a t  303.4 f o r  t h e  l a s t  p o r t i o n  o f  t h e  
S t o c k t o n  f l i g h t  program t o  remove t h e  0.2 nm c r o s s - t r a c k  e r r o r .  
On ly  t h e  approaches f l o w n  u s i n g  t h e  second V A C  waypo in t  a r e  
ana lyzed  i n  t h i s  r e p o r t .  
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The S t o c k t o n  A i r p o r t  l o c a l i z e r  was used f o r  l a t e r r . ;  
approach yu idance.  There fe re .  s v s t e m - c r o s s t r a c k  e r r o r ,  de- 
f i n e d  i n  F i g u r e  30, was computed b u t  i t  was n o t  used f o r  
qu idance.  F i g u r e  65 i l l u s t r a t e s  t n i s  e r r o r  I t  i s  t n e  com- 
b i n e d  s j s t e m  a b i l i t y  ( i . e . ,  a l t i m e t e r ,  V O R ,  DME, and RNAV 
equ ipment )  t o  d e t e r m i n e  l a t e r a l  p o s i t i o n  d u r i n g  t h e  upper  
segment p o r t i o n  o f  t h e  approach.  The mean e r r o r  's l ess  than  
0.3 n a u t i c a l  m i l e s  and e r r o r s  as l a r g e  as 0.4 n.m. were 
reco rded .  
A l o n g t r a c k  e r r o r ,  d e f i n e d  i n  F i g u r e  3 0 ,  was a l s o  computed. 
F i g u r e  66 i l l u s t r a t e s  t h i s  e r r o r .  The mean e r r o r  was as l a r g e  
as 0.35 nm and e r r o r s  as l a r g e  as 0 . 5 5  nm were r e c o r d e d .  The 
mean e r r o r  was n e g a t i v e  r e s u l t i n g  f r o m  t h e  i n d i c a t e d  d i s t a n c e  
b e i n g  l e s s  t h a n  t h e  a c t u a l  d i s t a n c e  t o  w a y p o i n t .  I f  t h e  e r r o r  
i s  r e f e r e n c e d  t o  t h e  i d e a l  g e o m e t r i c  w a y p o i n t  ( o r ,  e q u i v a l e n t l y ,  
if t h e  a p p a r e d t  0.2 nm a l o n g t r a c k  b i a s  e r r o r  i s  removed), t h e  
r e s u l t a n t  RNAV a l o n g t r a c k  e r r o r  i s  i n i t i a l l y  0 . 2  nm, t h e n  
a p p r o x i m a t e l y  z e r o  between 3.0 and 4.0 nm t o  touchdown, and 
t h e n  abou t  -0.1 nm. The n e t  e f f e c t  o f  t h i s  e r r o r  on t h e  ADD 
c o m p u t a t i o n s  i s  d e s c r i b e d  i n  f o l l o w i n g  pa rag raphs .  
There  a r e  s e v e r a l  ways o f  c o n s i d e r i n g  v e r t i c a l  p r o f i l e  e r r o r s .  
Oce way of  l o o k i n g  a t  t h i s  e r r o r  i s  d e v i a t i o n  o f  t h e  computed 
p r o f i l e  f rom t h e  s t r a i q h t l i c e  6O,!2$O. I n  t h i s  case equipment 
p l a y s  a m a j o r  r o l e .  The VOR, DME, RNAV sys tem and a c c u r a c y  o f  
t h e  d a t a  r e c o r d i n g  a r e  a l l  i n v o l v e d .  
F i g u r e s  67 t h r o u g h  70 i l l u s t r a t e  t h e  sys-em computed 
g l i d e s l o p e  where t h e  system may be c o m b i n a t i o n s  o f  t h e  a l t i -  
meter ,  VOR, DME, and RNAV equ ipment .  These F i g u r e s  s h o u l d  
n o t  be con fused  w i t h  t h e  a i r c r a f t  t r a j e c t o r i e s .  These p a r t i c u l a r  
sys tem g l i d e s l o p e s  a r e  d e f i n e d  as a c t u J l  commanded a l t i t u d e ,  
wh ich  i s  t h e  sum o f  a c t u a l  v e r t i c a l  p o s i t i o n  and t h e  system 
commanded p o s i t i o n  (RNAV d e v i  a t i o n  o r  g l l ' des lope  d e v i a t i o n  as 
a p p r o p r i a t e ) .  
i s  observed a l o n g  t h e  60 -g ; idepath  segment. A t  a g i v e n  
a l t i t u d e ,  t h e  d i f f e r e n c e  between t h e  d e s i r e d  d i s t a n c e  t o  
touchdown and t h e  a c t u a l  d i s t a n c e  t o  touchdown i s  i n i t S a l l y  
+0.2 nm, apd i s  a p p r o x i m a t e l y  z e r o  between 3.0 t o  4.0 nn t o  
touchdown, and t h e n  becomes r o u g h l y  -0 .1  nm. T h i s  e r r o r  i s  
i d e n t i c a l  t o  the RNAV a l o n g t r a c k  e r r o r  w i t h  t h e  known + 0 . 2  -om 
b i a s  removed. A s  a r e s u l t ,  i t  wou ld  appear  t h a t  t h e  ADD 
comp1;ter was g e n e r a t i n g  t h e  p r o p e r  v e r t i c a l  commands based 
upon t h e  a l o n g - t r b c k  d i s t a n c e  t o  touchdown s i g n a l s  i t  computed 
f rom.  
F o r  each o f  F i g u r e s  67 t o  ?O,  t h e  f o l l o w i n g  c o n d i t i o n  
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A s  i l l u s t r a t e d ,  t h e  p r o f i l e s  d e f i n e d  by t h e  system a r e  f a i r l y  
un i fo rm.  The commanded a ' l t i t u r ' o  s h o u l d  be independent  o f  t h e  
method used f o r  f o l l o w i n g  v e r t i c a l  command:. 
was computed by  a d d i n g  t h e  r e c o r d e d  va lues  o f  a c t u a l  a l t i t u d e  
and g l i d e s l o p e  d e v i a t i o n .  The g l i d e s l o p e  i s  w e l l  d e f i n e d  as 
i n d i c a t e d  by t h e  sma l l  d e v i a t i o n  f r o m  t h e  mean. The c,mputed 
g l i d e s l o p e  was n e a r e r  t o  2.4 degrees t h a n  t h e  p u b l i s h e d  v a l u e  
o f  24  degrees.  The 1 / 1 G  degree d i f f e r e n c e  i s  a t t r i b u t e d  
p r i m a r i l y  t o  e r r o r  i n  t h e  d a t a  a c q u i s i t i o n  and r e d u c t i o n  system. 
F i g u r e  71 i 11 u s + )  a t e s  t h e  ILS commanded g l  i d e s 1  ope. T h i s  
F i g u r e s  72 t h r o u g h  76 show t h e  a c t u a l  a i r c r a f t  g l i d e p a t h .  The 
approaches a r e  grouped as V i s u a l  F l i g h t  Ru les  ( V F R ) ,  Hooded, 
combined VFR and Hooded, P i t c h  Thumbwheel C o n t r o l  and normal  
2-4 ILS c o u p l e d  ( b o t h  l a t e r a l  and v e r t i c a l ) .  Note t h m  
a c t u a l  a i r c r a f t  g l i d e p a t h s  c l o s e l y  f o l l o w  tt e system g l i d e -  
s l o p e s  i n d i c a t i n g  t h a t  p i l o t a g e  e r r o r s  were s m a l l .  The v e r t i c e l  
d imens ion  o f  an a p p r . i c h  window 0.5 n a u t i c a l  m i l e s  f rom touch-  
down g i v e s  a q u i c k  assessment o f  gu idance  accuracy .  I t  has the 
f o l l o w i s y  v e r t i c a l  d imens ions :  
No. o f  Min Mean Max. 
Approaches A1 t i  t u d e  A 1  t i  t u d e  A1 t i  t u d e  
VFR ( 4  1 148 f t .  1 5 5  ft,. 160 f t .  
HGoded ( 6 )  139 f t .  149 f t .  :59 f t .  
VFR 8 Hocded ( 1 0 )  139 f t .  151 f t .  160 f t .  
Usfng  A i P  P i t c h  
Thumbw h e e l  (21  1 122 f t .  144 f t .  164 f t .  
f u l l y  coup led  ( 1 0 )  114 f t .  136 f t .  156 f t .  
t o  ILS 
A s  shown above, t h e  window h e i g h t  i s  o n l y  50 f e e t .  1'164 
versus  114) .  
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F i g l i r e  72, 7 3  and 74 show s i m i l a r  r e s u l t s .  The a i r c r a f t  
f a l l o w s  t h e  commanded g l i d e p a h h  w i t h  good p r e c i s i o n .  
d e v i a t i o n s  f r o m  t h e  n o q t n a l  6 g l i d e s l o p e  a r e  due p r i m a r i l y  t o  
e r r o r  i n  t h e  commanded g l i d e s l o p e  and n o t  t h e  p i l o t s  a b q l i t y  
t o  f o l l o w  t h e  commafided g l i d e p a t h .  T r a n s i t i o n  t o  t h e  ILS  g l i d e -  
s l o p e  shows a s l l g h t l y  g r e a t e r  tendency  f o r  t h e  a i r c r a f t  t o  f l y  
below t h e  d e s i r e d  g l f d e s l o p e  d u r i n g  hooded approaches. However, 
v e r t f c a !  p a t h  s t a b i l i z a t i o q  on t h e  g l i d e s l o p e  has o c c u r r e d  by 
0.75 r a u t i c a l  m i l e s  t o  touchdown. 
The 
F i g u r e  75  shows a g r e a t e r  v a r i a t i o n  i n  a i r c r a f t  v e r t i c a l  
p o s t t i o n  when t h e  a u t o p i l o t  c o n t r o l  i s  used t o  obey v e r t i c a l  
s t e e r i n g  commands. 
v e r t i c a l  p : ion when t h e  a l r c r a f l  makes normal  24 degree 
f u l l y - c o u p l e a  approaches u s i n g  t h e  ILS  t h r o u g h o u t .  However, 
a t  t h e  0.6 n.m. approach window, t h e  f u l l y - c o u p l e d  approaches 
had v e r t i c a l  extremes g r e a t e r  t h a n  t h o s e  f l o w n  manua l l y .  
F i g u r e  76 shows t h e  r e l a t i v e l y  small v a r i a t i o n  i n  a i r c r a f t  
F i g u r e  77 shows t h e  mean a i r c r a f t  l a t e r a l  p o s i t i o n .  The 
S t o c k t o n  L o c a l i z e r  was used f o r  a l l  approaches. The two-segment 
approaches were c o m p a r i b l e  i n  accu racy  t o  t h e  I L S  approaches. 
F i g u r e  78, 79, 80, and 81 show d e v i a t i o n s  f rom t h e  computed 
g l i d e p a t h s .  These a r e  r e c o r d e d  d e v i a t i o n s  c o n v e r t e d  t o  f e e t .  
A l l  f i g u r e s  show t h a t  c o n t r o l  o f  t h e  a i r c r a f t  was p r o g r e s s i v e l y  
improved as t h e  touchdown p o i n t  was epproached. 
t h a n  t h e  hooded approaches ( F i g u r e  78) .  L a r g e r  d e v i a t i o n s  r e s u l t e d  
d u r i n g  a u t o p i l o t  p i t c h  thumbwheel c o n t r o l l e d  approaches ( F i g u r e  80) .  
S m a l l e s t  v e r t i c a l  d e v i a t i o n s  r e s u l t e d  f rom normal  I L S  approaches as 
shown i n  F i g u r e  81. 
These were p lanned e x c u r s i o n s  f rom t h e  d e s i r e d  f l i g h t  p a t h  f l o w n  by  
tht .  p r o j e c t  p i l o t s  t o  e v a l u a t e  system per fo rmance - i n  p a r t i c u l a r ,  
t h e  a b i l i t y  t o  r e c a p t u r e  t h e  two-segment p r o f i l e .  Note  t h a t  t h e  
2% degree g l f d e s l o p e  was c a p t u r e d  and f o l l o w e d  s u c c e s s f u l l y  f o r  a l l  
f i v e  approasbes. 
m i?es  t o  touchdown was 134 f e e t  t o  160 f e e t  i n  a l t i t u d e .  T h i s  com- 
pares f a v o r a b l y  t o  r e s u l t s  f o r  t h e  normal two-segnent  approaches.  
F i g u r e  79 shows t h a t  t h e  VFR approaches were s l i g h t l y  b e t t e r  
F i g u r e  82 i s  t h e  r e s u l t  o f  f i v e  approaches l a b e l e d  " e x c u r s i o n s " .  
As i l l u s t r a t e d  i n  F i g u r e  82, t h e  approach window o f  0.6 n a u t i c a l  
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Fue l  Savings 
A s l i g h t  f u e l  sav ings  r e s u l t s  from t h e  reduced eng ine  
t h r u s t  s e t t i n g s  which a r e  used on a two-segment approach f o r  
l a n d i n g .  Fue l  sav ings  p e r  a i r c r a f t  p e r  y e a r  i s  computed from 
t h e  f o l l o w i n g  f a c t s  and t e s t  o b s e r v a t i o n s :  
( 1 )  720-0238 a i r c r a f t  f i t t e d  w i t h  JT3D-l/3B f a n  j e t  
( 2 )  
( 3 )  Reduced f u e l  f l o w  r a t e  f rom 3000 pound/hour/engine 
engines. 
Four engines o p e r a t i n g  d u r i n g  each approach. 
t o  1500 pouad/hour/engine f o r  1% minu tes  d u r i n g  
each two-segment approach. 
(4 )  Fuel  c o s t s  1.76 c e n t s  p e r  pound. 
( 5 )  1,550 average l a n d i n g s  p e r  720 a i r c r a f t  p e r  y e a r .  
Fuel  sav ings,  then, i s  a p p r o x i m a t e l y  $4,100 p e r  y e a r  f o r  
an a i r c r a f t  which e x c l  u s i  v e l y  makes two-segment approaches f o r  
ench l a n d i n g .  T h i s  i s  a r e p r e s e n t a t i v e  sav ings  f o r  f o u r -  
eng ine  j e t  a i r c r a f t  o p e r a t e d  i n  a r o u t e  s t r u c t u r e  s i m i l a r  t o  
t h a t  o f  American A i  r l  i nes. 
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APPENDIX A 
FLIGHT DIKECTOR DESCRIPTION 1’ 
Coll ins  FD-198 
The FD-108 Integrated F l i g h t  System s p e c i f i c a t i o n s  a r e  l i s t e d  i n  
f igu re  A-1. 
Course Indica t o r  
The bas i c  course display,  shown i n  f igu re  A-2 ,  c o n s i s t s  of a servo- 
dr iven azlmuth card which is read i n  r e l a t i o n  to the  miniature  a i r c r a f t  i n  
the c e n t e r  of the Course Ind ica to r .  The course display is c o m p l e t e l y  
p i c t o r i a l ,  showing a symbolic plan view of a i r c r a f t  pos i t i on  and iieadiiig 
with respect  t o  t h e  compass and to the  s e l e c t e d  heading ana course. 
The azimuth card repeats  the  gy ros t ab i l i zed  magnetic compass i n t o r -  
matis;.., and a i r c r a f t  heading is indicated by t h e  lubber  l i n e  a t  the top ot  
the  Course Indicator .  The miniature a i r c r a f t  is f i x e a  t o  t h e  cen te r  of tSe 
instrument glass face  and represents  t h e  a c t u a l  a i r c r a f t .  It displays 
present pos i t i on  i n  r e l a t i o n  t o  movable p a r t s  on the  Course Indicator .  
Heading and course can be s e l e c t e d  by r o t a t i n g  the HDG and COURSE controls .  
Selected heading is displayed by t h e  heading marker (a t r i a n g u l a r  symbol 
located i n  f r o n t  of t h e  azimuth card numbers). Selected course is displayed 
Oy t h e  pos i t i on  of the course arrow and by t he  d i g i t a l  COURSE readout i n  
t h e  upper l e f t  c o m e r  of t h e  Course Indicator .  A d i s t ance  display located 
i n  the  MILES window i n  the  upper r i g h t  c o m e r  of the  Course Ind ica to r  
presents DME information. Meter movements i n  the  Course Ind ica to r  d i sp l ay  
present VOR, l o c a l i z e r ,  and g l i d e  s lope dev ia t ion  information. 
The Course Ind ica to r  is mounted on t h e  f l i g h t  instrument panel and 
can be removed as  a s i n g l e  u n i t  f o r  servicing.  The Cours.? i n d i c a t o r  is 
protected by a remcvrble aluminum a l l o y  case. 
a r e  made through two connectors a t  t h e  r e a r  of the  case.  
A l l  e l e c t r i c a l  connections 
F l i g h t  D i rec to r  Ind ica to r  
The bas i c  a t t i t u d e  display,  shown i n  i i g u r e  A-3 ,  c o n s i s t s  of a f l a t  
a t t i t u d e  tape which is servo dr iven i n  both p i t c h  and r o l l .  The a t t i t u d e  
tape is  read aga ins t  the  f ixed miniature a i r c r a f t  i n  the  c e n t e r  of the  
F l i g h t  D i rec to r  Ind ica to r  face. Roll  and p i t ch  a t t i t u d e s  are displayed by 
the  r e l a t i v e  pos i t i ons  of t h e  f i xed  miniature a i r c r a f t  and a horizon ba r  
on t h e  a t t i t u d e  tape. Roll  a t t i t u d e  is also dlsp!ayed by a bank i n d i c a t o r  
and bank s c a l e  loca t e s  near the  top  of the  F l i g h t  D i rec to r  Indicator .  
L/ Reference Coll ins  Maintenance Manual 34-24-0F, Dec. 15, 1964, pp 3-6. 
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Stee r ing  coePPP.nds a r e  displayed by the  V-bar carrsend i n d i c a t o r  w h i c h  
c o n s i s t s  of two tapered bars  t h a t  form a shallow inve r t ed  V and f lank the  
miniature a i r c r a f t .  The tapered bars move i n  unison and a r e  servo driven 
i n  both p i t c h  and rol l  t o  ind ica t e  the  changes required t o  ob ta in  a des i r ed  
f l i g h t  path. 
and depend upon the mode of operation. 
The s t e e r i n g  comrands are generated i n  the  S tee r ing  Computer 
The PITCH TRIM c o n t r o l  is  located on the  f ron t  lower- lef t  co rne r  of 
It may be 8djusred t o  change the p o s i t i o n  
The mode selectc- s w i t c h  
the  F l i g h t  Director Indicator .  
of t h e  horizon b a r  i n  r e l a t i o n  t o  the  f ixed  miniature a i r c r a f t  and t o  
e s t a b l i s h  a d i f f e r e n t  p i t c h  a t t i t u d e  reference.  
located on the  f r o n t  lower-right corner provides f o r  s e l e c t i o n  of OFF, HDG, 
V/L o r  GS modes of operation. 
Mter movements located a t  the s i d e  and a t  the  bottom of the  F l i g h t  
Director Ind ica to r  provide g l i d e  slope and VOR/localizer dev ia t ion  present-  
a t ions .  An inclinometer located a t  t h e  bottom of t h e  F l i g h t  D i rec to r  
Ind ic8 to r  provides s l i p  o r  s k i d  indicat ions.  
Basic construct ion,  mounting c h a r a c t e r i s t i c s  , ond electrical  con- 
nections,  i n  the F l i g h t  Director Ind ica to r  are s i m i l a r  t o  the Course 
Indica tor .  
Instrument Amplifier 
The Instrument Amplifier processes and ampl i f i e s  the  s i g n a l s  t h a t  
d r ive  t h e  display and c-nd ind ica to r s  of t h e  FD-108 In t eg ra t ed  F l i g h t  
System. 
a d i sp l ay  channel, and a monitor channel. 
Functionally the  Instrument Amplifier c o n s i s t s  of a commend channel, 
S t ee r ing  s i g n a l s  are appl ied to the  command channel from the  S tee r ing  
Computer. The V-bar camnand s i g n a l  output dr ives  the V-bar c i r c u i t r y  i n  
the F l i g h t  D i rec to r  Indicator .  Display signals a r e  appl ied t o  the  d i sp lay  
channel, t h e  output of which dr ives  the  azimuth card d i sp lay  i n  the  Course 
Ind ica to r  and the  a t t i t u d e  display i n  the F l i g h t  D i rec to r  Indicator .  
The monitor channel evaluotes  monitor input  s i g n a l s  and produces 
s i g n a l s  f o r  operat ion of warning f l a g s  and s h u t t e r s  i n  the  Course I n d i c a t o r  
and the  F l i g h t  D i rec to r  Indicator .  
The I,.- tnuaent Amplifier can be removed as a s i n g l e  u n i t  f o r  servicing.  
A l l  e lectrical  connections a r e  made through two connectors a t  t he  rear .  
S t ee r ing  Computer 
The S tee r ing  Computer provides p i t c h  and r o l l  s t e e r i n g  s i g n a l s  f o r  
the  PD-108 In teg ra t ed  F l i g h t  System. 
p i t ch  channel, a r o l l  channel, and a monitor Ch8nnel. 
The S tee r ing  Computer conc,sts of a 
VOR or l o c a l i z e r  deviat ion,  heading deviat ion,  and r o l l  information 
s i g n a l s  a r e  appl ied t o  t h e  r o l l  channel of the S tee r ing  Computer. The 
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sig.loLs are processed, and the r e s u l t a n t  r o l l  steering ou.; ::r s i g n a l  i n  used 
CG >os i t ion  the  V-bar i nd ica to r  i n  the  Vlfght D i rec to r  Ind.. a t o r  for a r o l l  
s teer iny,  copmand. Glide s lope  dev i r t i on  and p i t c h  i n f o n u t i o n  s igna le  a r e  
appl ied  to the r o l l  channel of t h e  S teer ing  Computer. The s i g n a l s  are 
processed, and t h e  r e s u l t a n t  r o l l  s t e e r i n g  output  s i g n a l  is used t o  pos i t i on  
t h e  V-bar i n d i c a t o r  i n  t h e  P l igh t  Di rec tor  Ind ica to r  f o r  a r o l l  s t e e r i n g  
coamrnd. Glide s lope  d e v i s t i c  -nd p i t c h  information s i g n a l s  are appl ied  
t o  the p i t ch  channel of the  S tee r ing  Coeputer. 
and the r e s u l t a n t  p i t ch  s t e e r i n g  s i g r u l  i s  used t o  pcs i t i on  the  V-bar 
i nd ica to r  i n  the  F l igh t  Director Ind ica to r  f o r  a p i t ch  s t e e r i n g  c o c r n d .  
These s i g n a l s  a r e  proce8sed, 
The monitor chanael eva lua tes  monitor input s i g n a l s  from each of the 
input  sources and produces a computer warning f l a g  sign81 which is appl ied  
t o  the Instrument Amplifier.  
i n d i c a t e  a malfunction. 
The ccmputer warning f l a g  s i g n a l  i s  used t o  
The S tee r ing  Computer can be removed as a single u n i t  f o r  se rv ic ing .  
A l l  e l e c t r i c a l  connections a r e  made through one dual  connector a t  t he  r e a r  
-t the  case. 
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CHARACTER1 STIC 
TSO a t a t u s  
Power requirements 
Equipment s i z e  
F l igh t  Director  Indicator  
Course Ind€cator  
S teer ing  Computer 
Instrument Amplifier 
System w i g h t  
Operating temperature range 
Storage temperature range 
Humidity range 
M a x i m u m  a1 ti tude 
SPECIFICATION 
Conforms t o  FAA TSO C52n. 
115 volts, 400 cps: 
+28 volts d e :  150 ma. 
70 va. 
4-inch-di m e  t e r  face. 
4-inch-diaaeter face. 
1/4 ATR short .  
1/4 ATR short .  
25.6 pounds maximum. 
-22O to +12ZoF (-30' to +5OoC) 
-85' to +158'F (-65O t o  +7OoC) 
0 t o  957. r e l a t i v e  humidity a t  
+158OF ( + 7OoC . 
-1000 to 40,000 feet .  
Reference: Co l l in s  Maintenance Manual 34-24-0F, Dec. 15,  1964, pp 3-6. 
Figure A-1 - System spec i f i ca t ion  for the Col l ins  FD-108 f l i g h t  d i rec tur .  
5 8  
Figure A-2 - Course deviation indicator (Collins 33lA-6D CDI). 
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os D A W  BANK ATTI TUDE 
FLAG SCALE IMOICATOR TAPE 
Figure A-3 - Standard a l t i t u d e  director  indicator (Col l ins  329B-7G ADI). 
APPENDIX B 
3D-KNAV DESCRIPTION 
But ler-Ne t iona 1 Sys tem 
La t e r a  1 Naviga t ion 
Vector Analog Computer 
The Butler-National Vector i n a l o g  gomplicer (VAC) is an  airborne 
analog device w h i c h  automatically computes horizontal  (2D) navigation 
information f o r  the  p i l o t .  Conventional VOR bearing and s l a n t  range 
corrected DME d i s t ance  s igna l s  are used t o  perform navigation t r i a n g u l a t i o n  
computations i n  the l a t e r a l  plane. The VAC enables a p i l o t  to t r a n s f e r  
a c t u a l  VOR/DHE s t a t i o n s  along VOR r a d i a l s  t o  any phontom loca t ion  of h i s  
choice. ( f igu re  B-1) The  l oca t ion  of t h i s  "phantom VOR/DME s t a t i o n "  is 
known a s  a ueypoint. 
This i s  accomplished by use of a center-pedestal-mounted VAC way- 
point s e l e c t o r  con t ro l  i n  the cockpit. ( f i gu re  B-2) The coordinates  f o r  
each waypoint a r e  defined i n  terms of VOR r a d i a l  ana DME d i s t ance  t o  t h e  
pe r t inen t  VOR/DME s t a t i o n .  Two s e t s  of waypoint Coordinates can he se t  
i n t o  t h e  con t ro l  u n i t  a t  any one t i m e .  A toggle switch i n  the c e n t e r  of 
the  con t ro l  u n i t  permits manual s e l e c t i o n  of e i t h e r  e s t ab l i shed  waypoint. 
Waypoint coordinate values can be i n s e r t e d  before o r  during f l i g h t ,  and 
can be changed manually a t  any time ourink f l i g h t .  Resultant navigat ion 
iriformation can be displayed t o  the p i l o t  i n  one or both of two ways 
s imul taneous ly . 
Symbolic P i c t o r i a l  Display 
The Butler-National VAC system includr.s a cockpi t  d i sp l ay  known a s  
a Symbolic P i c t o r i a l  Ind ica to r  (SPI). ( f i g u r e  B-2) The SPI is a c t i v a t e d  
when the VAC sys tem is  on and the p i l o t  has tuned i n  the  VOR/DME s t a t i o n  
frequency associated w i t h  t h e  waypoint coordinates s e l e c t e d  on the VAC 
con t ro l  u n i t .  The p i l o t  then sets i n  desired track heading t o  the  
esra!.lished waypoint w i t h  a knob on t h e  SPI. This value is displayed a t  
5t.a top of the SPI. W i t h  these waypoint coordinates e s t ab l i shed ,  t h e  SPI 
d.splep.9 s i t u a t i o n  data  for: a c t u a l  dis tance t o  tile waypoint along the  
d,-islred tfacK, on t h e  horizontal  needle; a c t u a l  c ros s t r ack  (perpendicular 
d:stanc o f f  the  desired t rack ,  on the v e r t i c a l  needle; and a c t u a l  a i r c r a f t  
Reading r e l a t i v e  t o  the desired t r ack  heading, by t h e  a i rp l ane  symbol i n  t h e  
- e n t e r  I f  t h e  SPI.  The i n t e r s e c t i o n  of the two neeales represents  t h e  
desired weypoixt. The a i rp l ane  symbol (which r o t a t e s  through 360Oj L1..;ays 
depicts  the a i r c r a f t ' s  a c t u a l  to/from pos i t i on  and a c t u a l  heading r e l a t i v e  
t o  tile de,Lred waypoint. 
The sca l e  f ac to r s  for  the f i v e  t i c k  mark8 on t h e  v e r t i c a l  and horl- 
zonta l  axes O L  the SPI a r e  s e t  i n  by the p i l o t  with the con t ro l  knob on 
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cite boctoni-ceiiter of tile waypoirir con t ro l  u n i t .  He iias two se l ec t ions  to 
iodke. A s  sliowii i n  i i g u r e  B-2, the normal pos i t i on  (NOW) a c t i v a t e s  tile 1, 
2 ,  o r  10 nau t i ca l  miles per  t i c k  mark sca l e s .  The p i l o t  trien sets i n  1,2, 
o r  10 on t he  VAC con t ro l  panel, depending on the  s e n s i t i v i t y  tie des i res .  
The se l ec t ed  s e n s i t i v i t y  value is  displayed i n  the  "scale" window on the  
SPI. Therefore,  t h e  f u l l  s c a l e  c ross t rack  ana d is tance  t o  waypoint s e n s i -  
t i v i t i e s  01 tile SPI i n  t h e  NORM mode a r e  5, 10, or 50 nau t i ca l  m i l e s ,  when 
t h e  des i red  waypoint i s  i n  view on the SPI. These s e n s i t i v i t i e s  a r e  g e r e r s l -  
i y  used by the  p i l o t  duriiig eiiroute navigation. 
Tne approach pos i t i on  (APP) 011 t h e  VAC waypoint con t ro l  u n i t  a c t i v a t e s  
clie 0.95 nau t i ca l  m i l e  per  t i c k  mark scale. Therefore,  the  f u l l  s c a l e  cross- 
t rack  and d is tance  to waypoint s e n s i t i v i t y  in t he  APP mode is 1.25 nau t i ca l  
miles wrien tiie des i red  waypoint is i n  view on t h e  SPI .  These s e n s i t i v i t i e s  
a r e  used by the p i l o t  during f i n a l  approach t o  perform more p rec i se  naviga- 
t i o n  maneuvers. The i l l u s t r a t e d  s e n s i t i v i t i e s  can be a l t e r e d  in t h e  shop 
p r i o r  t o  i n s t a l l a t i o n  t o  permit other  p i lo t - se l ec t ab le  s e n s i t i v i t y  range 
combinations. 
Convent iona 1 Coma nd /S i tua  t ion D is  p 1 3  
W h i l e  2D-KNAV s i t u a t i o n  information can be displayeu t o  the  p i l o t  on 
t h e  SPI ,  i t  can a l s o  be displayed, e i ther  separa te ly  or  simultaneously,  on 
conventional a i r l i n e  cocKpit instruments.  AA's experience on tire MDC 188 
(STOL) navigat ion eva lua t ion  prograni (ref.  5) ind ica te0  tnb t  RNAV s i t u a t i o n  
ana conunand iniormation sriould be displayed t o  t h e  p i i o t  i n  h i s  normal "T" 
scan f i e l a  01 view t o  minimize cockpi t  workload. 
While i n  trie RNAV moae, "Command" navigat ion da ta  is displayed on t h e  
F l igh t  Di rec tor  Ind ica to r  (At t i tude  Direc t ion  Ind ica to r ,  A D I j  ana hor izonta l  
s i tua t ior t  a a t a  i s  displayed on the Course Deviai ion Ind ica to r  (CDI) and 
Radio Magrletic Di rec t ion  Ind ica to r  ( R M D L ) .  Th's approach is i l l u s t r a t e d  
i n  f igure  B-3  w i t h  a t yp ica l  s e t  of conventional a i r l i n e  ind ica to r s .  
A switching u n i t  i s  requi rea  LO t r a n s f e r  the computed VAC s i g n a l s  
t o  the P l igh t  D i rec to r  r o l l  computer, A D I ,  C31, RMDI, and DME i nd ica to r s .  
Distance Proport ional  F i l t e r i n g  
One unique technica l  f ea tu re  of t he  VAC computer aeserves s p e c i a l  
mention. Butler-National Corporation has patented a technique c a l l e d  
"distance proport ional  f i l t e r ing" .  This technique improves the  r e so lu t ion  
of received VOR bearing s igna ls .  The f i l t e r i n g  technique i s  mechanized so 
the  maximum r a t e  of change of the  received VOR bearing s i g n a l  i s  l imi ted  t o  
a value w h i c h  is  propor t iona l  t o  the maximum p r a c t i c a l  ground speed of the 
a i r c r e f  t .  
Distance proport ional  f i l t e r i n g  may be expressed i n  equat ion form a s  
?allows: 
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da lere  d~! 
ilt I maximum a l lovab le  r a t e  of change of VOR bearing, jdeg/sec) 
D o distance from the VOR s t a t i o n ,  (mu) 
K - constant  s e l ec t ed  i n  accordance with maximum a i r c r a f t  speed 
From equation (l),  the value f o r  the maximum allowable rate of change 
increases  as (D) c . c r eases ;  t h i s  r e s u l t s  i n  a proport ional  e r r o r  a t  values 
of (D) equal  to  less than approximately 0 . 5  n a u t i c a l  miles. 
To i l l u s t r a t e  t h i s  f i l t e r i n g  technique, consider  f i g u r e  B-4. Waveform 
11 A II represents  a hypothet ical  VOR r a d i a l  s c a l l o p  which is non-symmetrical 
i l l  amplitude. Waveform "B'l represents  the output of a res is tance-capaci tance 
(RC) f i l t e r  t o  w h i c h  Waveform "A" is applied.  I f  Waveform "Bl' was recorded 
51 a f l i g h t  t es t ,  i t  could e a s i l y  be ass!ioied t h a t  the  a c t u a l  r a d i a l  s c a l l o p  
consis ted of two basic  frequencies;  a low frequency c a l l e d  a "blend", and 
a higher frequency c a l l e d  a "scallop". Because the RC network i s  a i o w  pass 
f i l t e r ,  t h e  low frequency component is a t t enua ted  t o  a lesser degree than 
t h e  higher  frequency. 
Waveform "C" represents  t he  output of a d i s t ance  proport ional  f i l t e r  
when tdaveform "A" is appl ied t o  i ts  input. No course bend occurs because 
the f i l t e r  is  i n s e n s i t i v e  t o  amplitude. 
Ver t i ca l  Guidance 
Ascent -Descent Director  
The Butler-National Ascent Descent D i rec to r  (ADD) is an airborne 
analog computer designed f o r  v e r t i c a l  guidance. It uses s l a n t  range c o r r e c t -  
ed dis tance t o  RNAV waypoint s i g n a l s  fcom t h e  VAC and Baro-corrected a l t i t u d e  
8ignaI.s t o  perform the necessai; g l i d e  s lope computstioiis. 
The ADD i s  an  airborne computer which e s t a b l i s h e s  a cone of descent 
( o r  ascent)  g l ide  s lopes ,  o r i g i n a t i n g  a t  the 3D-RNAV waypoint. The p a r t i c u l a r  
g l i d e  slope l iue on the  conical  surface is determined by the  des i r ed  magnetic 
heeding value set i n t o  the TRACK SET window of the SPI. ( f igu re  B-5) 
The g l i d e  slope cone i c  e s t ab l i shed  by p i l o t  e n t r y  of four  v e r t i c a l  
coordinate values i n  B centrr-pedestal-mcunted ADD con t ro l  u n i t  ( f i gu re  B-6). 
(a) The a l t i t u d e  of t h e  p e r t i n e n t  VOR/DME s t a t i o n  (STA EJ.,EV). 
(b) The desjrzd point  over the  ground where t h e  des i r ed  a l t i t u d e  
is t o  be reached, r e l a t i v e  t o  the  2D waypoint s e t  i n t o  the VAC 
(DTST OFFSET). 
(c) The desired a l t i t u d e  waypoint t o  which the  a i r c r a f t  is t o  desceild, 
o r  ascend (DESIRED ALT). 
(d) The acs i r ed  angle a t  which the a i r c r a f t  i s  t o  i n t e r c e p t  thc! 
desired a l t i t u d e  waypoint (ANG SET). 
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F l i y u t  paths UP t o  a 9.9O ascent  o r  descent s lope can be es t ab l i shea  
i n  t h i s  way. One set  of v e r t i c a l  waypoint coordinates can be se t  i n t o  the 
ADD a t  any one t i m e .  
Tiic r e s u l t i n g  v e r t i c a l  navigation s i g n a l s  from thc  ADD can Le displayed 
i n  a conventiotial manner on t h e  ADL and C D I  as comnand and s i t u a t i o n  informa- 
cion r e l a t i v e  t o  t h e  desired f l i g h t  path. A mode aiiiiuiiciator l i g h t  tells 
t h e  p i l o t  whether he i s  seeing VAC/ADD information on h i s  primary f l i g h t  
instruments . 
3D-RNAV Signal Sources 
VOK Receiver - The e x i s t i n g  A K I N C  547 (Coll ins  51RV1) VOR/ILS receiver  
i n t e r f a c e s  w i t n  the VAC computer without modification. VOR bearint; input 
t o  t h e  VAC computer is provided by the manual s e c t i o n  OBI r e so lve r  and 
l e  f t / r i g h t  dev i a  t ion. 
DME In t e r roga to r  - Distance input t o  the ADD computer is provided by 
the o p t i r n a l  potentiometer output of an  ARINC 521D (Collins 860E-2) DME 
Interrogacor .  This s i g n a l  is s l a n t  range - corrected i n  t h e  VAC before 
being used t o  c a l c u l a t e  dis tance t o  waypoint. 
Dual Synchro Alt imeter  - The VAC/ADD system requires  baro-corrected 
a l t i t u d e  input t o  provide computations f o r  s l a n t  range co r rec t ion ,  ana 
v e r t i c a l  guidance. This input  is provided by dual syncnro outputs from one 









APPENDIX  C 
AIRBORNE DATA RECORDER EQUIPMENT 
N a v i g a t i o n  and Guidance S i g n a l s  
B e t t e l l e - C o l u m b u s  L a b o r a t o r i e s  (Columbus, O h i o )  des igned  
and o p e r a t e d  t h e  r e q u i r e d  a i r b o r n e  d a t a  a c q u i s i t i o n  system as  
a s u b c o n t r a c t o r  t o  Amer ican A i r l i n e s .  The system c o n s i s t e d  o f  
two m a j o r  u n i t s :  an e l e c t r o n i c  s i g n a l  c o n d i t i o n e r / a a p l i f i e r  
u n i t ,  b u i l t  by B a t t e l l e ;  and a Sangamo 3560 s e r i e s  p o r t a b l e  
FU magne t i c  t a p e  r e c o r d e r / r e p r o d u c e r ,  on l o a n  f rom NASA. Bo th  
u n i t s  were mounted i n  t h e  passenger c a b i n .  The s i g n a l  c o n d i -  
t i o n e r / a m p l i f i e r  u n i t  o p e r a t e d  t h e  28V dc s u p p l y  and t h e  l l O V  
400 Hz ac supp ly .  The r e c o r d e r  o p e r a t e d  f r o m  a l l O V ,  60 Hz ac 
s u p p l y  g e n e r a t e d  by a d c - t o - a c  c o n v e r t e r  s u p p l i e d  by Amer ican 
A i r l i n e s .  The s i g n a l  c o n d i t i o n e r / a m p l i f i e r  u n i t  a l s o  s u p p l i e d  - + 1 O V  dc power t o  t h e  2000 ohm p o t e n t i o m e t e r  g e n e r a t i n g  t h e  
DRE range  s i g n a l .  
All d a t a  c h a n n e l s  were c a p a b l e  o f  r e c o r d i n g  dc s i g n a l s .  
S ince  nominal  upper f r e q u e n c y  c o n t e n t  o f  t h e  s i g n a l s  was a b o u t  
1 Hz, channel  band w i d t h  was n o t  a p rob lem.  T h i r t e e n  da ta  
channe ls  and t h e  t a p e  edge v o i c e  channel  were used i n  t h e  
f l i g h t  t e s t .  P. l i s t i n g  o f  r e c o r d e d  pa ramete rs  and m a j o r  s i g -  
n a l  c h a r a c t e r i s t i c s  a r e  shown i n  f i g u r e  32 and f i g u r e  33. 
F u n c t i o n a l  U n i t  Des ign  
Des ign  o f  t h e  d a t a  c o l l e c t i o n  equipment  can be e x p l a i n e d  
by r e f e r r i n g  t o  f i g u r e  C - 1 ,  t h e  b l o c k  d iag ram o f  t h e  a i r b o r n e  
da ta  a c q u i ! i t i o n  equipment.  A l l  s i g n a l s  and power a r e  connec ted  
t o  t h e  equipment  t h r o u g h  a t e r m i n a l  s t r i p  i n s i d e  :n e n c l o s u r e .  
The f u n c a t i o n a l  u n i t s  a r e  d i s c u s s e d  below. 
DC-DC C o n v e r t e r  
which i s  l o c a t e d  on a power s u p p l y  pane l  a1or.- . i t h  t h e  r e f -  
erence v o l t a g e  g e n e r a t o r  and t h e  c a l i b r a t i o n  s,j.wtl g e n e r a t o r .  
The dc - to -dc  c o n v e r t e r  c o n t a i n e d  two d c - t o - d c  c o n v e r t e r s  r e -  
g u l a t e d  t o  0.1% whose o u t p u t s  were i s o l a t e d  f r o m  t h e i r  i n p u t s .  
The n e g a t i v e  o u t p u t  o f  one c o n v e r t e r  and t h e  p o s i t i v e  o u t p u t  
o f  t h e  o+her c o n v e r t e r  were gro i lnded t o  p roduce  an i s o l a t e d  % 15V 
dc w i th  a common ground. T h i s  v o l t a g e  was used t o  power t h e  r e f -  
erence v o l t a g e  g e n e r a t o r ,  t h e  c a l i b r a t i o n  s i g n a l  g e n e r a t o r ,  t h e  
h i g h  impedance i n p u t  a m p l i f i e r s ,  t h e  d i f f e r e n t i a l  a m p l i f i e r s ,  
and t h e  s i g n a l  c o n d i t i o n i n g  a m p l i f i e r s .  
A i r c r a f t  28V dc power i s  c o u p l e d  t o  t h e  - t o - d c  c o n v e r t e r  
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Reference Voltage GeRerator 
The r e fe rence  vol tage  genera tor  contained two Zener diodes 
a s  v o l t a g e  re ferences  and fou r  s e r i e s  regula ted  power s u p p i  i e s  
providing c a l i b r a t e d  vol tages  of  + 10, + 1 ,  -1,  and - 10 v o l t s  
Prom t h e  15V dc supplied by the  dc-to-dc conver te r .  These 
vol tages  were used t o  supply t h e  recorder  c a l i b r a t i o n  s i g n a l s  
o f  + 1,  0, a n d  - l V  dc t o  the  recorder  coupler  u n l t t  + 10,  +1, 
-1, and - 1OV dc t o  t h e  Ca l ib ra t ion  s igna l  genera tor ;  + l G V  
dc t o  9e 2000 ohm potentiometer on t h e  output s h a f t  07 t h e  
ME eqtipmcnt; and + 1OV dc t o  the  20,000 ohm output po ten t io-  
meters of t h e  synchFo-to-dc Converters.  
Ca l ib ra t ion  Siqnal Generator 
The genera tor  con ta ins  a l i n e a r ,  l O - t u r n  wire wound poten-  
t iometer  w i t h  1 0 - t u r n  d i a l  capable of being switched t o  any 
of the fou r  re ference  vo l t age  genera tor  ou tputs .  The s l i d e r  
of t h i s  potentiometer i s  connected t o  an  opera t iona l  - type power 
amplif ier  so t h a t  a wel l - regulated vo l t age  of + lo ,  + 1 ,  - 1 ,  o r  
-10 v o l t s  ( o r  any f r a c t i o n  the reo f ,  depending upon the d i a l  
s e t t i n g ) ,  can be generated a t  t h e  output  of the c a l i b r a t i o n  
vol tage  genera tor .  The C a l i b r a t i o n  vo l t age  is  connected t o  the 
mode switches on each of the s igna l  ccndi t ion ing  amplifiers, 
and tne h i g h  i n p u t  impedence a m p l i f i e r s .  T h i s  a r r a n g m e n t  en- 
ables a preset vol tage  of e i t h e r  p o l a r i t y  t o  be de l ive red  t o  
any o f  these l o c a t i o n s .  
Synchro-to-DC Converter 
T h e  synchro-to-dc conver te r  i s  an electromechanical 
servomechanism f o r  convert ing a three-wiFe synchro t r a n s m i t t e r  
s igna l  i n t o  a dc s igna l  corresponding t o  t h e  s h a f t  p o s i t i o n  
o f  the synchro t r a n s m i t t e r .  Basic elements o f  t h e  converter  
a r e  a h i g h  impedance cont ro l  t ransformer ,  an ac  power a m p l i f i e r ,  
a phase-sens i t fve  motor and a prec is ion  wire-wound potent iometer .  
T h e  cont ro l  t ransformer s t a t o r  i s  coupled d i r e c t l y  t o  the 
synchro i n p u t  s?gr,. 1. I t s  o u t p u t ,  the r o t o r  s i g n a l ,  i s  coupled 
t o  the power ampl i f i e r  which drives the  motor. Motor and a m p l i -  
fier power a r e  derived from l l O V ,  400 Hz ac i n p u t  power s u p -  
p l fed  t o  the conver te r .  The cont ro l  t ransformer,  motor, and 
potentiometer s h a f t s  are coupled toge the r  through a gea r  t r a i n .  
Converter opera t ion  i s  explained b r i e f l y  a s  fol lows.  Any 
d i f f e r e n c e  between the cont ro l  t ransformer s h a f t  pos i t i on  a n d  
the synchro t r a n s m i t t e r  s h a f t  pos i t i on  i m p l i c i t  i n  the synchro 
s igna l  causes  the cont ro l  t ransformer t o  genera te  a n  e r r o r  
s igna l  whclse amplitude and phase  a r e  r e l a t e d  t o  the magnitude 
and d i r e c t i o n  o f  t h e  d i f f e r e n c e  i t  s h a f t  pos i t i ons .  T h i s  e r r o r  
s i n q a l  is amplif ied and  appl ied  t o  t h e  motor along w i t h  t he  
re ference  115V 400 Hz ac.  The motor d r i v e s  the  con t ro l  t r a n s -  
former s h a f t  t o  correspond t o  t h e  i n p u t  s h a f t  p o s i t i o n  t o  reduce 
the e r r o r  s igna l  a t  zero.  T h e  s h a f t  d r l v e s  the  output  po ten t io -  
mo-er whose r e s i s t a n c e  i s  proport ional  t o  s h a f t  p o s i t i o n .  
Hiqh I n p u t  impedance Amp1i f ier .s  
7 H i g h  i n p u t  impedance (>lo ohms) and l o w  o u t p u t  impedance 
was used t o  i s o l a t e  t h e  i n p u t  s i g n a l  from t h e  o u t p u t .  The 
a m p l i f i e r  can be connected  t o  t h r e e  i n p u t  s i g n a l s  t h r o u g h  a 
r o t a r y  s w i t c h .  These a r e  GROUND f o r  z e r o i n g  t h e  a m p l i f i e r ,  
SICNAL f o r  pass ing  t h e  d e s i r e d  s i g n a l ,  and CAL f o r  c a l i b r a t -  
i n g  and c h e c k i n g  t h e  a m p l i f i e r  or a d j u s t i n g  subsequent  s t a g e s .  
D i f f e r e n t i a l  Amp1 i f  i e r s  
s e p a r a t e  a m p l i f i e r  pane ls .  These same p a n e l s  p r o v i d e  space 
f o r  d i f f e r e n t i a l  a m p l i f i e r s  as need. The a m p l i f i e r s  a r e  
equ ipped w i t h  a 100,000 
ment p o t e n t i o m e t e r  p r o v i d i n g  a g a i n  range  f r o m  0 t o  5. They 
a l s o  have a s t e p  r n i n  a d j u s t m e n t  wh ich  changes t h e  g a i n  i n  
s t e p s  o f  4 ove r  a g a i n  range  from 0 t o  20. 
The a m p l i f i e r s  u t i l i z e  a s u p p r e s s i o n  c i r c u i t  emp loy ing  
a 20,000 ohm s u p p r e s s i o n  r e s i s t o r  and 1000 ohm 1 0 - t u r n  sup- 
p r e s s i o n  a d j u s t m e n t  p o t e n t i o m e t e r .  The s u p p r e s s i o n  c i r c u i t  can 
be connec ted  t o  any o f  t h e  f o u r  r e f e r e n c e  v o l t a g e s  o f  + 10, 
+ 1, - 1, - 1 O V  dc. The i n p u t  impedance o f  t h e  a m p l i f i e r  i s  
20,000 ohms. The a m p l i f i e r  i n p u t  can be connec ted  by r o t a r y  
s w i t c h  t o  GROUND f o r  z e r o i n g  t h e  a m p l i f i e r  when t h e  s u p p r e s s i o n  
I s  t u r n e d  o f f ,  i .e. ,  s u p p r e s s i o n  r e s i s t o r  t o  ground; SIGNAL 
when the i n p u t  s i g n a l  i s  t o  be processed; and CAL f o r  c a l i -  
b r a t i n g  and c h e c k i n g  t h e  a m p l i f i e r .  
These a m p l i f i e r s  a r e  l o c a t e d  i n  g roups  o f  f i v e  on t h r e e  
ohm 1 0 - t u r n  c o n t i n u o u s  g a i n  a d j u s t -  
Recorder Coup1 e r  
The r e c o r d e r  c o u p l e r  i s  a s e t  o f  ganged r o t a r y  sw i t ches ,  
one f o r  each s i g n a l  channe l ,  i n  s e r i e s  between t h e  o u t p u t s  
of t h e  s f g n a l  c o n d i t i o n i n g  a m p l i f i e r s  and t h e  r e c o r d e r .  The 
funct!on o f  t h e  r e c o r d e r  c o u p l e r  i s  t o  e n a b l e  t h e  equipment  
o p e r a t o r  t o  c o n v e n i e n t l y  c o u p l e  c a l i b r a t i o n  s i g n a l s  of  +1, 0, 
and - 1 Y  dc i n t o  t h e  r e c o r d e r  i n p u t .  T h i s  i s  done by t u r n i n g  
r h ?  r o t a r y  s w i t c h  t o  t h e  d e s i r e d  s f g n a l  sou rce .  I n  normal 
o p e r a t i o n ,  t h e  s w i t c h e s  a r e  s e t  t o  t h e  SIGNAL p o s i t i o n  and 
t h e  r e c o r d e r  i n p u t s  connected  d i r e c t l y  t o  t h e  a m p l i f i e r  o u t -  
p u t s .  
Recorder Microphone 
c o r d e r  t h a t  a l l o w s  t h e  equipment  o p e r a t o r  t o  r e c o r d  o r a l  i n f o r -  
m a t i o n  a b o u t  t h e  da ta  b e i n g  r e c o r d e d  on t h e  m a g n e t i c  t a p e  
a l o n g  w i t h  t h e  da ta .  T h i s  f e a t u r e  does n o t  i n t e r f e r e  w i t h  t h e  
r e c o r d i n g  o f  d a t a  on t h e  d a t a  channe ls  and i s  a second v o i c e  
The r e c o r d e r  mic rophone i s  an a c c e s s o r y  t o  t h e  t a p e  r e -  
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channel  s e p a r a t e  f rom t h e  c b c k p i t  v o i c e  d a t a  b e i n g  r e c o r d e d  
on one o f  t . ie d a t a  channe ls .  
1nterconnec. t  inq Ca b l  i ne 
A l l  s i g n a l s  were c a r r i e d  i n  s h i e l d e d  c a b l e s .  A l l  s l n g l e - e n d e d  
s i g n a l s  were c a r r i e d  i n  s h i e l d e d  c o a x i a l  c a b l e s  between u n i t s .  
C o a x i a l  c a b l e  c o n n e c t o r s  were l o c a t e d  on t h e  f r o n t  pane l  o f  
most  equipment t o  p e r m i t  c o n v e n i e n t  c o n n e c t i o n  t o  t h e  s i g n a l  
a t  t h e  i n p u t  t o  t h e  u n i t  f o r  v o l t a g e  measurement o r  o t h e r  p u r -  
poses. 
The i n t e r c o n n e c t i n g  s i g n a l  c a b l i n g  i s  shown i n  f i g u r e  C - 2 .  
S i g n a l  F low 
F i v e  t y p e s  o f  s i g n a l s  were connected  t o  t h e  i n p u t  of t h e  
d a t a  c o l l e c t i o n  equipment.  The f i r s t  was a dc s i g n a l  r e f e r -  
enced t o  ground; t h e  second i s  a dc f l o a t i n g  o u t p u t  r e q u l r l n g  
a l o a d  t o  ground o f  20,000 ohms o r  more, w i t h  a s i g n a l  l e v e l  
on t h e  o r d e r  o f  200 m i l l i v o l t s  and a d i f f e r e n t i a l  impedance o f  
abou t  200 ohms; t h e  t h i r d  i s  a s e t  o f  t h r e e - w i r e  synch ro  s i g -  
n a l s ;  and t h e  f o u r t h  was a dc s i g n a l  genera ted  by  t h e  s l i d e r  o f  
a 2000-ohm p o t e n t i o m e t e r  connec ted  t o  - l O V  dc and ground and t h e  
f i f t h  i s  an a u d i o  s i g n a l  r e q u i r i n g  i s o l a t i o n  f r o m  system ground.  
Each t y p e  o f  s i g n a l  was processed d i f f e r e n t l y .  The p r o c e s s i n g  
I s  e x p l a i n e d  below. 
S lng le -Ended S i q n a l s  (Channels 1, 10, 13, and 14 )  
by Group F i n  f i g u r e  C-2. These s i g n a l s  a r e  coup led  d i r e c t l y  
t o  t h e  s i g n a l  c o n d i t i o n i n g  a m p l i f i e r s  w i t h  one a m p l i f i e r  f o r  
each s i g n a l  channe l .  A m p l i f i e r  g a i n  and s u p p r e s s i o n  a r e  s e t  t o  
p r o v i d e  v o l t a g e s  i n  t h e  range  o f  5 1.4V dc a t  t h e  o u t p u t  o f  t h e  
a m p l i f i e r  f o r  c o r r e s p o n d i n g  v o l t a g e s  ove r  t h e  f u l l  s c a l e  span 
of t h e  i n p u t  s l g n a i .  The o u t p u t s  o f  t h e s e  a m p l i f i e r s  a r e  t h e n  
coup led  t o  t h e  r e c o r d e r  t h r o u g h  t h e  r e c o r d e r  c o u p l e r .  
D i f f e r e n t i a l  S i q n a l s  (Channels 7, 9, 11, and 12). 
The f i r s t  t ype ,  c a l l e d  s i n g l e - e n d e d  s i g n a l s ,  i s  r e p r e s e n t e d  
The f o u r  channe ls  w i t h  d i f f e r e n t i a l  i n p u t  s i g n a l s ,  shown as 
Group E I n  f i g u r e  C-2 a r e  coup led  i n t o  t h e  d i f f e r e n t i a l  a m p l i -  
f i e r s .  These a m p l i f i e r s  c o n v e r t  t h e  d i f f e r e n t i a l  s i g n a l s  i n t o  
s ing le -ended  s i g n a l s  f o r  f u r t h e r  p r o c e s s i n g  by  t h e  s i g n a l  con- 
d i t i o n i n g  a m p l i f i e r s ,  The j i f f e r e n t i a l  a m p l i f i e r s  have s l r f f i c i e n t  
common mode and d i f f e r e n t i a l  i n p u t  impedance (about  30,000 and 
160,OUO ohms r e s p e c t i v e l y )  t o  n o t  l o a d  t h e  c i r c u t t s  t o  be measured. 
The s " ? n a l  c o n d i t i o n f n g  a m p l i f i e r s  g a i n  and s u p p r e s s i o n  a r e  s e t  
as d e s c r i b e d  p r e v f c u s l y  f o r  s ing le -ended  s i g n a l s .  
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Synchro-Der ived  S.igna.1 s (Ch.anne1 s 3 ,  6, and 8 )  
T h i s  t y p e  of s t g n a l  i s  shown as Group D i n  f i g u r e  C-2. 
These s i y n a l s  a r e  connected  t o  t h e  synch ro - to -dc  c o n v e r t s ,  one 
s i g n a l  s e t  t o  a c o n v e r t e r .  The synch ro  c o n v e r t e r  p o s i t i o n s  I t s  
c o n t r o l  t r a n s f o r m e r  s h a f t  t o  c o r r e s p o n d  t o  t h e  synch ro  s h a f t  
p o s i t i o n  imp1 i c i t  ii, t h e  i n p u t  s i g n a l .  The c o n t r o l  t r a n s f o r m e r  
s h a f t  d r i v e s  t h e  s : i d e r  o f  a p o t e n t f o m e t e r  wh ich  i s  connected  t o  
-1OV dc and ground. The s l i d e  v o l t a g e  i n d i c a t e s  s h a f t  p o s i t i o n  
wh ich  i n  t a r n  co r responds  t o  synch ro  s h a f t  p o s i t i o n ,  One t u r n  o f  
t h e  synchro  s h a f t  g e n e r a t e s  a 1 0 - v o l t  swfng o f  t h e  s l i d e r  v o l t a g e .  
The s l i d e r  v o l t a g e  i s  connec ted  t o  a h i g h  impedance i n p u t  am- 
p l i f i e r .  The a m p l i f i e r ,  whose i n p u t  impedance i s  g r e a t e r  t h a n  
10  megohm does n o t  s i g n i f i c a n t l y  l o a d  t h e  s y n c h r o - t o - d c  c o n v e r t e r  
20,000-ohm o u t p u t  p o t e n t i o m e t e r .  T h i s  o u t p u t  s i g n a l  co r responds  
t o  t h e  c o n v e r t e r  o u t p u t  w i t h f n  99.95 p e r c e n t .  The o u t p u t  o f  t h e  
h i g h  i n p u t  in edance a m p l i f i e r  i s  t h e n  connected  t o  a s i g n a l  con-  
s u p p r e s s i o n  a r e  s e t  and t h e  r e s u l t a n t  s i g n a l  c o u p l e d  t o  t h e  
r e c o r d e r  as d e s c r i b e d  p r e v i o u s l y .  
P o t e n t i o m e t e r  D e r i v e d  S i g n a l s  (Channel 4)  
T h i s  s i g n a l  i s  shown as Group B i n  f i g u r e  C-2. I t  i s  
s i r i l a r  i n  n a t u r e  t o  t h e  o u t p u t  o f  t h e  synch ro - to -dc  c o n v e r t e r  
and i s  p rocessed i n  t h e  same manner. I t  i s  coup led  t o  a h i g h  
i n p u t  impedance a m p l i f i e r  and i n  t u r n  t o  a s i g n a l  c o n d i t i o n f n g  
amp1 if i e r  and t h e  t a p e  r e c o r d e r  t h r o u g h  t h e  r e c o r d e r  coup1 e r .  
Ad jus tmen t  of t h e  a m p l i f i e r  i s  as d e s c r i b e d  p r e v i o u s l y .  
d i t i o n i n g  amp ! i f i e r .  The s i g n a l  c o n d i t i o n i n g  a m p l i f i e r  g a i n  and 
Aud io  S i g n a l  (Channel 2 1  
T h i s  s f g n a l  i s  shown a s  A U D I O  i n  t h e  b l o c k  d iagram.  I t  
i s  c o u p l e d  t o  t h e  s i g n a l  c o n d i t i o n i n g  a m p l i f i e r  t h r o u g h  an 
i s o l a t i o n  t r a n s f o r m e r .  A m p l i f t e r  g a i n  was a d j u s t e d  w i t h  t h e  
a f r  o f  an o s c i l l o s c o p e  t o  o b t a f n  + 1.4 v o l t s  peak t o  peak a t  
t h e  upper l i m i t  o f  expec ted  i n p u t - a u d i o  s i g n a l  magn i tude.  
Recorder S i q n a l  s 
A l l  s i g n a i s  t o  t h e  r e c o r d e r  a r e  c o u p l e d  t o  i t  t h r o u g h  t h e  
r e c o r d e r  c o u p l e r  e x c e p t  t h e  t a p e  edge v o i c e  channe l .  As p r e -  
v i o u s l y  d i s c u s s e d  t h e  r e c o r d e r  c o u p l e r  f s  used t o  c o n v e n i e n t l y  
i n t r o d u c e  c a l i b r a t i o n  t t g n a l s  i n t o  a l l  of t h e  r e c o r d e r  c h a n n e l s .  
Datly O p e r a t i n g  Procedure  
The d a l l y  o p e r a t i n g  p r o c e d u r e  was as  f o l l o w s :  
(11  I n  t h e  p r e f l i g h t  p e r t o d  t h e  equipment  was t u r n e d  
on and a l l o w e d  t o  warm up, 
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( 3 )  
(4 
( 5 )  
A r e e l  o f  t a p e  was c a r e f u l l y  i n s t a l l e d  i n  t h e  u n i t  
so t h e  t a p e  p o s i t i o n  i n d i c a t o r  r e a d i n g  would r e c o r d  
a p p r o x i m a t e l y  t h e  same tape  p o s i t i o n  and l e n g t h  of 
t a p e  each day. 
J u s t  b e f o r e  t a k e o f f  t h e  a i r c r a f t  was s w i t c h e d  t o  
i n t e r n a l  power. 
The z e r o  s e t t i n g  of t h e  a m p l i f t e r s  was i n i t i a l l y  
checked s e v e r a l  t i m e s  a day; a f t e r  i t  was found  t h a t  
z e r o  d r i f t  was n e g l i g i b l e  and noncumu la t i ve ,  t h e  
s e t t i n g  was checked once a day. 
A f t e r  t h e  a i r c r a f t  reached  c r u i s e  a l t i t u d e ,  t h e  
r e c o r d e r  was p l a c e d  i n  t h e  r e c o r d  mode and t h e  s t a n -  
d a r d  + 1, - l V  and ground s i g n a l s  were coup led  t o  a l l  
channe ls  i n p u t s .  I n  a d d i t i o n ,  t h e  da te ,  day number, 
t ime,  and t a p e  number were r e c o r d e d  on t h e  t a p e  edge 
v o i c e  channe l .  The r e c o r d e r  was t h e n  p u t  i n  a s tandby  
mode. 
The t a p e  r e c o r d e r  was s w i t c h e d  t o  t h e  r e c o r d  mode a t  
t h e  s t a r t  o f  each approach and r u n  u n t i l  t h e  approach 
was comple ted  (abou t  34 m i n u t e s ) .  
D u r i n g  t h e  approach, t h e  approach number and v e r b a l  
commen's abou t  s i g n i f i c a n t  developments i n  t h e  ap- 
proach, i f  any, were r e c o r d e d  t h r o u g h  t h e  t a p e  edge 
v o i c e  channe l  by t h e  equipment  o p e r a t o r .  
A t  t h e  c o m p l e t i o n  o f  t h e  approach, t h e  tape  r e c o r d e r  
was sw f t ched  t o  t h e  s tandby  mode. 
S teps  6 t h r o u g h  7 were r e p e a t e d  for each approach 
d u r i n g  t h e  f l f g h t .  
A t  t h e  end o f  a f l f g h t  t h e  t a p e  was rewound and r e -  
moved from the  r s c u r d e r .  
Each t a p e  was p l a y e d  back on t h e  ground on a l a b o r a t o r y  
tape  p layback  u n i t  and t h e  channe l  o u t p u t s  r e c o r d e d  
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A P P E N D I X  D 
T R A C K I N G  RADAR EQUIPMENT 
C H A R A C T E R I S T I C S  
The B e l l  Aerospace EEM t r a c k i n g  r a d a r  system i s  housed i n  a 
pc j r t ab le  van. The b a s i c  system components i n c l u d e  VHF and UHF 
t r a n s m i t t e r s ,  ILS equipment,  two a n a l o g  computers,  t h e  o p e r a t o r ' s  
conso le ,  t h e  r a d a r  an tepna and p e d e s t a l  (wh ich  i s  p o s i t i o n e r '  n e x t  
t o  t h e  van d u r i n g  use) ,  and a d i e s e l  g e n e r a t o r .  Se t  up t ime ,  
i p c l u d i n g  a l i g n m e n t ,  u s u a l l y  r e q u i r e s  two d a j s .  
0pc:-a t 1 ng P r i n c i p l e s  
The B e l l  Aerospace EEM T r a c k i n g  Radar c c P 5 i s t s  o f  a r e f l e c t o r  
w i t h  a r a d i a t o r ,  s p i n  motor ,  and a r e f e r e n c r ;  gent - a t o r .  The r i r -  
c u l a r  waveguide i s  c f f s e t  t o  p roduce a c o n i c a l  scan p a t t e r n .  The 
modu la ted  r e t u r n  s 'gna l  (100 Hz) i s  d e t e c t e d  and used as  an e r r o r  
s i g n a l  t o  keep t h e  a x i s  o f  t h e  c o n i c a l  an tenna p a t t e r n  i e n t e r s d  
on t h e  a i r c r a f t  d u r i n g  t r a c k i n g  mode. 
The r e c e i v i n g  s e c t i o n  o f  t h e  r a d a r  c o n v e r t s  r e t u r n i n g  echo 
p u l s e s  t c  an i n t e r m e d i a t e  f r e q u e n c y  and d e t e c t s  t h e  v i d e o  i n f o r -  
ma t ion .  The range  t r a c k i n g  system r e c e i v e s  t h e  v i d e o  t a r g e t  p u l -  
ses f rom t h e  r e c e i v i n g  cv;tem and i s  a u t o m a t i c a l l y  t r a c k e d  f o r  
ranges up t o  5 0 , O O C  f e e t  (8  nm). 
B a s i c a l l y  t h e  range  t r a c k i n g  system measures t h e  t i m e  e l a p s e d  
between t h e  t r a n s m i t t e d  p u l s e  and a s e l e c t e d  echo p u l s e .  The range 
t r a c k i n g  system c o n v e r t s  t h i s  t o  a dc v o l t a g e  p r o p o r t i a n a l  t o  s l a n t  
range d i s t a n c e  (RS) o f  t h e  a i r c r a f t .  
Radar T r a n s m i t t e r  
1. Frequency Band 
2. Frequency Range 
3 .  Type o f  T ransmiss ion  
4. P u l s e  R e p e t i t i o n  Ra te  
5. P u l s e  Wid th  
6. Peak Power Ou tpu t  
7. Average Power 
Radar R e c e i v e r  
1, Recep t ion  
2. Frequency Range 
3 .  R e c e i v e r  Ga in  
4 .  O s c i l l a t o r  FreqL;E,icy 
5 .  IF Frequency 
Ka 
3 3 . 0  t o  3 3 . 4  gHz 
Puis:* 
2000 + 100 p u l s e s  p e r  second 
0.2 mycroseconds 
50 k i l o w a t t s  
20 w a t t s  
Superhet rodyne 
3 3 . 0  ? g  3 3 . 4  gHz 
100 db 
60 mHz be low t ransmi , ;  itr 
60 mt:z 
8 0 
- R oar  Antenna 
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
3. 
hntenna i j p e  
Scan 
Antenna G a i n  
Po l  a? i za t i on 
I n i t  d 1  P o s i t ' o n i n g  
L i n i  t s  o f  T r a v e l  
L i m i t s  o f  A u t o E a t i c  Search 
P a t  t e r n  
Beam w i d t h  w i t h o u t  n u t a t i c n  
8eam w i d t h  w i t h  n u t a t i o n  
P a r a b o l i c  r e f l e c t o r  w i t h  f r o v t  
o . ' fset  n u t a t i n g  feed. 
C u n i c a l  
40.7 db 
C i r c u l a r  o r  L i n e a r  
Manual o r  Au tomat i c  
700 az imuth ,  - 5 O ,  +30° e l e v a t i o n  
20° az imuth ,  l o  e l e v a t i o n  f r o m  
i n i t i a l  r e f e r e n c e  p o s i t i o n  
0.8S0 
0 . 5 3 O  
T r a c k i n g  - C o c r d i n a t r s  
s i n e c o s i n e  p o t e n t i o m e t e r s  geared t o  b o t h  t h e  ax i rnuth and e l e v a t i o n  
g imba ls  o f  t h e  actenna.  S ? a n t  range  d i s t a n c e  (R ) f r o m  t h e  range  
t r a c k i n g  p o r t i o n  o f  the r a d a r  i s  a p p l i e d  t o  t h e  f n p u t s  o f  t h e  p o t -  
e n t i o m e t e r s  and t h e  f o l l o u i p g  t h r e e  d i m e n s i o n a l  X, Y ,  2 c o o r d i n -  
a t e s  a r e  o b h i n e c !  a t  5he o u t p u t s  f o r  subsequent  r e c o r d i n g :  
Az imuth a d  e ? e v a t i c n  i n f o m a t i o n  i s  ob ta i r t ed  f r o m  p r e c i s i o n  
R s  c o r r e c t e d  t c  ' *wl  i n e  ( X )  R, c o s v  
L a t e r a l  d i  splatt.l;.r-ait ( Y )  R, S i n f  
A 1  t i  tudo  ( Z )  R, S i -  8 
t ihere 8 $ 5  e l e v a t i o n  g i r b a l  a n g l e  a n d V  i s  a z i m u t h  g i m b l e  
qngl e. 
NOTE: The r a d a r  does n o t  compute 8 o r *  d i r e c t l y ,  n o r  does 
compute ground renge  ( R s  cos t ) cos  8. 
T r a c k i w  Accuracy 
1 Range T r a c k i n g  15 f t  o r  1 X  o f  s lan t  range 
3 .  Gynamic Angu lar  E r r o r  O.? m i 1 l i r a d : a n  ( m s :  
wh ichever  i s  g r e a t e r  
( a z i m u t h  and e l e v a t i o n )  
2. S t a t i c  Angt i la r  E r r c , r  0.010 
a - Angu la r  T r a c k i n g  Rate 
o f  5c / 5 L C  
General  C a p a b i l  i tis 
The €EM Radar i s  capab?e o f  t r a c k i n g  any l a r g e  a i r c r a f t ,  i .e . ,  
DC-8, Conva i r  990, e t c .  up t c  8 n a u t i c a l  m i l e s  range  w i t h o u t  a 
c o r n e r  r e f l e c t o r  i n s t a l l e d  on t h e  a i r c r a f t .  However, a s m a l l  804 
square c e q t i m e t e r s  c o r n e r  r e ' l e c t o r  was added t o  N7545A t o  i c s u r e  
good r a  ge t r a c k i n g  and n o i s e  f r e e  da ta .  The c o r n e r  r e f l e c t o r  
c r o v i d e d  an enkanccd r e t u r n  f o r  p o i n t  t r a c k i n g  and t h e r e b y  e l i m i -  
. i a t e d  t h e  tendency ;f t h e  r a d a r  t o  s K i n  t r z c k  t h e  a i r p l a n e .  
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An E s t e r l i n e  Angus XZ p l o t t e r  i s  n o r m a l l y  used f o r  r e a l  t i n e  
p l o t % i n g  o f  a i r c r a f t  a l t i t u d e  ve rsus  s l a n t  range  d i s t a n c e .  The 
r a d a r  i s  a l s o  equ ipped  a t  p r e s e n t  w i t h  an Ampex CP-100 a n a l o g  
magne t i c  t a p e  r e c o r d e r  (NASA-owned) wh ich  i s  used t o  r e c o r d  X, Y, 
Z, c o o r d i n a t e  p o s i t i o n  d a t a .  
The r a d a r  can be used i n  b o t h  open- and c l o s e d - l o o p  o p e r a t i o n s .  
I n  t h e  open- loop  mode, t h e  r a d a r  p a s s i v e l y  r e c o r d s  a i r c r a f t  p o s i -  
t i o n s ,  b u t  no feedback i s  g i v e n  t o  t h e  p i l o t .  I n  t h e  c l o s e d - l o o p  
node t h e  EEU, u s i n g  two a n a l o g  computers,  can  com a r e  a p r e p r o -  
g r a r i e d  f l i g h t  pa th ,  ( l i n e a r  a s  w e l l  as n o n l i n e a r  P w i t h  a c t u a l  
a i r c r a f *  ( , o s i t i o n  ir !  r e a l  t i m e  and g e n e r a t e  e r r o r  s i g n a l s  wh ich  
a r e  t r a . m n i t t e d  o v e r  an ILS  d a t a  l i n k  (331.1 mHr  for g l i d e  s l o p e ,  
111.9 mHz for i o c a l i r e r )  t o  t h e  a i r c r a f t .  B o t h  f l i g h t  p a t h  and 
ILS  s e n s i t ! v i t y  can be programmed t o  any  s p e c i f i c a t i o n s .  
V o i c e  communica t ion  w i t h  t h e  a i r c r a f t  i s  a c h i e v e d  t h r o u g h  use 
o f  two independen t  VHF t r a n s c e i v e r s  wh ich  can  be t u n e d  t o  a l l  
common VHF f r e q u e n c i e s .  
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APPENDIX E 
3D-RHAY P O S I T I O N  ERROR WOOELS 
A c t u a l  P o s i t i o n  
ACTX, ACTY, and ACTZ, t h e  a c t u a l  p o s i t i o n  o f  t h e  a i r c r a f t  
w i t h  r e s p e c t  t o  the rvnway touchdown p o i n t  was computed f rom t h e  
r a d a r  measurements RPDARX, RADARY, and RADAR2 as f o l l o w s :  
Q l  a r c s i  n (R!.nSRZ/RADARX) 
ACTX = RADARX COS (01)  
ACTY = RADARY 
ACT2 = RADAR2 
Becsuse o f  a +12 a r c  m inu te  m i s a l i j n n e n t  o f  t h e  X-ax is  r a d a r  
measurement p r i c r  t o  August 26, 1971, t h e  a l t i t u d e  measurements f o r  
t hose  days were l o w  by 12 a r c  minutes.  Hence, f o r  those days t h e  
RADARZ measurement was f i r s t  c o r r e c t e d  as f o l l o w s  b e f o r e  t h e  above 
computat ions were made: 
Q2 = a r c s i n  (RADARZ/RADARX) 
RADARZ = RAOARX s i n  (0, +12 a r c  m inu tes )  
Des3 r e d  P o s i t i o n  
F i g u r e  t - 1  d e p i c t s  t h e  d e s i r e d  two-segnent approach p r o f i l e .  
(The d e s i r e d  component o f  Y i s  0. )  Given ACTX, t h e  d e s i r e d  2 was 
expressed as f o l l o w s :  
DES2 = ACTX t c n  2 . 5 O ,  O <  - ACTX (9161.7 - f e e t  
OESZ 
DES2 = 3000 ft., ACTX>33,680.7 
= (ACTX - 5344.8) t a n  6 O ,  9161.7<_ACTX<33,680.7 - 
ACTX and ACTY were used t o  compute t h e  a l o n g t r a c k  (RNAVX) and 
c r o s s t r a c k  (RNAVY) components o f  t h e  RNAV c o o r d i n a t e  system cen- 
t e r e d  a t  t h e  waypoint .  
RNAVY = ACTX - 5355.8 
RNAVY = :CTY 
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V e r t i  &a1 E r r o r  Model 
e r r o r s  d u r i n g  RWAV gu idance ( f o r  a d i s t a n c e  t o  touchdown g r e a t e r  
t h a n  1.6 nn) and t h e  g l i d e s l o p e  e r r o r  d u r i n g  I L S  gu idance.  
v e r t i c a l  e r r o r  model i s  shown i n  f i g u r e  27. 
t o  g l i d e s l o p e  d e v i a t i o n  i n  f e e t  ( I N D  GLS). 
was used: 
The v e r t i c a l  e r r o r  r o d e l  i n v o l v e d  compu t ing  t h e  RNAV v e r t i c a l  
The 
The g l i d e s l o p e  d e v i a t i o n  i n  d o t s  ( O W B l l )  was f i r s t  c o n v e r t e d  
The f o l l o w i n g  f o r m u l a  
I n d i c a t e d  d e v i a t i o n  = 164 I n d i c a t e d  d e v i a t i o n  i n  f e e t )  
i n  d o t s  ( 3 W B l l )  [ H o r i z o n t a l  p r o j e c t i o n  o f  df s t a n c e  
a l o n g  g l i d e s l o p e )  
The g l i d e s l o p e  i s  l o c a t e d  a t  t h e  runway touchdown p o i n t .  Hence, 
u s i n g  t h e  above fo rmu la ,  
I N D  6LS = ACTX*ON311/164 
S i n c e  t h e  S t o c k t o n  g l i d e s l o p e  i s  s e t  a t  2.S0, t h e  a c t u a l  g l i d e  
s l o p e  d e v i a t i o n  (6LS) was computed as f o l l o w s :  
6LS = ACTZ - ACTX*tan (2.S0), 
f r o m  w h i c h  t h e  g l i d e s l o p e  e r r o r  was computed as: 
GLSE = IIYD GLS - GLS. 
The RWAV v e r t i c a l  e r r o r s  were computed as f o l l o w s :  For ACTX 
g r e a t e r  t h a n  9,161.7 f e e t ,  t h e  i n d i c a t e d  RNAV d i s t a n c e  t o  w a y p o i n t  
r e c o r d e d  on Channel 7, was used t o  compute t h e  d e s i r e d  a l t i t u d e  as 
a f u n c t i o n  o f  i n d i c a t e d  d i s t a n c e  t o  w a y p o i n t  ( I N D  D I S T  YYPT), i .e .  
DES ALT INDX = 3000 f e e t  if I N D  D I S T  WYPT i s  g r e a t e r  t h a n  
DES ALT INDX = IN0 D I S T  YYPT*tan ( 6 O )  i f  I N D  D I S T  YYPT i s  
o r  equa l  t o  28,324.9 f e e t ,  and 
l e s s  t h a n  28,321.9 f e e t .  
The d e s i r e d  a l t i t u d e  was computed as a f u n c t i o n  o f  t h e  d i s -  
DES ALT ACTX = 3000 f e e t  if RNAV ATK i o  g r e a t e r  t h a n  
DES ALT ACTX = RNAY ATK*ten (6') if RNAV ATK i s  l e s s  
t a n c e  t o  t h e  w a y p o i n t  i n  a s i m i l a r  f a s h i o n :  
o r  equa l  t o  28,324.9 f e e t .  
t h a n  28,324.9 f e e t .  
The RNAV commanded a l t i t u d e  (RNAY Con ALT) was d e f i n o d  as t h e  
sum o f  i n d i c a t e d  a l t i t u d e  ( I N 0  ALT) r e c o r d e d  on Cahnnel 6 and t h e  
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RNAY v e r t i c a l  p a t h  d e v i a t i o n  (ALT DkV) r e c o r d e d  on Channel 9, 
t h a t  i s ,  
RNAV CCN ALT = IN9 ALT + ALT DEV. 
The a c t u a t  commanded a l t i t u d e  (ACT COH ALT) i s  t h e  sum o f  t h e  
a c t u a l  a l t i t u d e  (ACTZ) and t h e  RNAV v e r t i c a l  p a t h  d e v i a t i o n :  
ACT Con ALT = ACTZ + ALT DEV. 
The a c t u a l  a l t i t u d e  e r r o r  (ACT ALT ERR) can be exp ressed  as 
t h e  d i f f e r e n c e  between t h e  d e s i r e d  a l t i t u d e  a t  t h e  p r e s e n t  p o s i -  
t i o n  and t h e  a c t u a l  a l t i t u d e ,  t h a t  i s ,  
ACT ALT ERR = DES ALT ACTX - ACTL. 
The a l t i t u d e  e r r o r  a t t r i b u t a b l e  t o  t h e  d i s t a n c e  e r r o r  ( D I S T  ALT 
ERR) was d e f i n e d  as: 
DIST ALT ERR = DES ALT INDX - DES ALT ACTX. 
The a l t i t u d e  e r r o r  due t o  t h e  RNAV sys tem (RNAV ALT ERR) was de- 
f i n e d  as: 
RNAV ALT ERR = RNAY COH ALT - DES ALT IPDX. 
The n e t  a ? t i t u d e  e r r o r  (NET ALT ERR) was d e f i n e d  as: 
NET ALT ERR 5 RNAV COM ALT - DES ALT AC’IX. 
The a l t i m e t e r  e r r o r  (ALTIM ERR) was d e f i n e d  bs t h e  d i f f e r e n c e  
between t h e  i n d i c a t e d  a l t i t u d e  ( I N D  ALT) and t h e  a c t u a l  a l t i t u d e ,  
i .e., 
ALTIH ERR = I N D  ALT - ACTZ. 
H o r i  i o n  t a l  E r r o r  Model 
The h o r i z o n t a l  e r r o r  Rodel  computed t h e  RNAV and VORTAC i n d i -  
c a t e d  h o r i z o n t a l  p o s i t i o r .  e r r o r s  and decomposed t h e s e  e r r o r s  i n t o  
t h e i r  a l o n g - t r a c k  and c r o s s - t r a c k  components and t h e i r  VOR and DME 
components. ( f i g u r e  28) 
The RNAV i n d i c a t e d  p o s i t i o n ,  decomposed i n t o  X and Y COIIPO- 
n e n t s  (RNAViX ,  R N A V I Y ) ,  %as computed u s i n g  t h e  RNAV h o r i z o n t a l  
d e v i a t i o n ,  Channel 10 ( O N B l O ) ,  and t h e  d i s t a n c e  t o  w a y p o i n t  Channel 
; (ONB7) ,  as f o l l o w s :  
R N A V I Y  = O N B l 0  
RlrlAVlX = @NB7 
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The RNAV c r o s s  t r a c k  e r r o r  (RNAV XTKE),  RNAV a lono  t r a c k  
e r r o r  (RNAV ATKE)  and RNAV h o r i z o n t a l  e r r o r  (RNAV HOREj  were then  
de termined as f o l l o w s :  
RNAV ATKE * R N A V I X  - RNAVX 
RNAV XTKE = R N A V I Y  - R N A l Y  1 /2  
RNAV HORE = [(RNAV ATKE) + RNAV XTKEI~J 
The RNAV i n d i c a t e d  p o s i t i o n  r z f e r e n c e d  t o  t h e  VORTAC s t a t i o n  
was then computed. The RNAV p o s i t i o n  r e f e r e n c e d  t o  t h e  VORTAC 
s t a t i o n  (RNAV VOR) i s  de termined as f o l l o w s :  - - *  
RNAV VOR = YYPT + RCiAV. 
The i n d i c a h d  and a c t u a l  RNAV p o s i t i o n s  r e f e r e n c e d  t o  t h e  
VORTAC s t a t i o n  were computed by  c o n v e r t i n g  t h e  RNAV f r o m  X - Y  
c o o r d i n a t e s  t o  E-N c o o r d i n a t e s  and then t o  b e a r i n g - d i s t a n c e  
coo rd ina tes .  The RNAV VOR e r r o r  (RNAV VORE) and RNAV DUE e r r o r  
(RNAV DMEE) was computed as: 
RNAV VORE = RNAV I V O R  - RNAV VOR, and 
RNAV DHEE RNAV IDUE - RNAV DUE. 
A s i m i l a r  e r r o r  a n a l y s i s  was per fo rmed on t h e  VORTAC i n d i -  
ca ted  p o s i t i o n .  The VORTAC i n d i c a t e d  DWE was reco rded  on t h e  
onboard channel  4 (ONB4). The VORTAC i n d i c a t e d  DME (VORTAC IDUE) 
was c o r r e c t e d  f o r  s l a n t  range e r r o r s  as f o l l o w s :  
VORTAC IDUE = ON64*cos ( a r c s i n  (ACTZ/ONB4)) 
The VORTAC i n o i c a t e d  b e a r i n g  was computed f rom t h e  onboard 
Channel 3 (ON63) and t h e  computed heading o f  t h e  a i r c r a f t  as 
d e s c r i b e d  i n  t h e  f o l l o w i n g  paragraphs.  
ONB3 was t h e  reco rded  b e a r i n g  o f  t h e  VORTAC s t a t i o n  r e f e r -  
enced t o  t h e  a i - c r a f t  head4r.g. From t h e  a i r c r a f t ' s  p r e s e n t  
p o s i t i o n  ( A C T X ,  ACTY) and p a s t  p o s i t i o n  (ACTXP, ACTYP), t h e  
heading o f  t h e  a i r c r a f t  w i t h  r e s p e c t  t o  t h e  runway (94 ) ,  was 
approx imated as f o l l  ows: 
94 = - a r c t a n  (ACTYP - A C T Y )  
(ACTXP - ACTX) 
The sum o f  ON63 and 04 was t h e  b e a r i n g  t o  t h e  VORTAC a t a t i o n  f rom 
t h e  a i r c r a f t  w i t h  r e s p e c t  t o  runway b e a r i n g  2910 (-69 ). Sub- 
t r a c t i n g  69 f rom 9 changed t h e  r e f e r e n c e  b e a r i n g  t o  a r e f e r e n c e  
b e a r i n g  o f  360' ( n a & t e t i c  N o r t h ) .  Th i s  b e a r i n g  i s  18O0 o u t  o f  
phase w i t h  t h e  b e a r i n g  o f  t h e  a i r c r a f t  f rom t h e  VORTAC s t a t i o n  
r e f e r e n c e d  t o  magnet ic  Nor th.  Hence t h e  VORTAC i n d i c a t e d  b e a r i n g  
(VORTAC I V O R )  was computed as f o l l o w s :  
VORTAC I V O R  = ON63 + Qj - 69' + 180' 
8 6  
The remainder o f  the VORTAC error analysis follows the 
analysis performed cn the RNAV indicated position measurements. 
The indicated localizer deviation (dots deflection) was re- 
corded on the onboard measurement channel 12 (ONB12). It was 
converted to indicated ?ocalizer deviation in feet (IND LOC) as 
fol lows. 
the following formula applies: 
The Stockton ILS has a 4 O  localizer. For a 4' localizer, 
Indicated deviation = 57.3 Indicated deviation in feet) 
in dots (ONB12) Icenterlinr ?rejection q f  
di s trnce rl ong 1 oca1 i zer ) 
The Stockton localizer is located 8750 feet behind the runway 
touchdown point. Hence, u-'ng the above formula 
IND LOC = ( A C T X  + 8750) ONB12/57.3. 
The localizer error, LOCE, is then 


















































IRUIYS- Url ISOR 
RAmOOFlFKUflOlY 
Q Y f f l C L N T  
i 
plgure F-1 - Formulas for statirrtlcal measures of =AT (Coat'd). 
90 
ulth a-1 de$reer of fteubm I 
31 









A / P  
APP 
ATC 











G /  s 
American A i r l i n e s ,  I n c .  
a1 t e r n a t i n g  c u r r e n t  
a s c e n t - d e s c e n t  d i r e c t o r  
a u t o m a t i c  d i r e c t i o n  f i n d i n g  equ ipment  
a t t i t u d e  d i r e c t o r  i n d i c a t o r  
abqve f i e l d  l e v e l  
A i r l i n e  P i l o t s  A s s o c i a t i o n  
A l l i e d  P i l o t s  A s s o c i a t i o n  
a u t o p i  1 o t  
VAC approach p o s i t i o n  
a i r  t r a f f i c  c o n t r o l  
coursV-  d e v i a t i o n  i n d i c a t o r  
d i r e c t  c u r - e n t  
d e c i s i o n  h e i g h t  
d i s t a n c e  measur ing  equipment 
p n g i n e e r i n g  e v a l u a t i o n  model r a d a r  (SPIN-10 p r o t o -  
e f f e c t i v e  p e r c e i v e d  n o i s e  i n  d e c i b e l s  
t y p e  1 
F e d e r a l  A v i  a t i  orl Admi n i  s t r a t i  on  
f l i g h t  d i r e c t o r  
f requency  modu la ted  
f r e q u e n c y  modu la ted  v o l t a g e  
f o o t  
g l i d e  s i o p e  
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Hr 0 
I F R  0 
I LS - 
IRIG - 
KVA - 
l b  - 
LOC - 
L S I  - 
HDC - 
R I D  - 
RMD I - 
RM 1 - 
RNAV - 
h e r t z i a n ;  r e f i x e s  K ( H t  x lo’), R(HZ x IO6), 
g(H t  x 101 s ) 
i n s t r u m e n t  f 1 i gh t r u l e s  
i n s t r u m e n t  l a n d i n g  sys tem 
i n t e r - r a n g e  i n s t r u m e n t a t i o n  g roup  
thousand vo l t -amperes  
pound 
l o c a l  i z e r  
L e a r  S i e g l e r ,  I n c .  
McDonnel l  Doug1 as C o r p o r s t i o n  
m i  1 i amperes 
square  me te rs  
m i l e s  p e r  h o u r  
N a t i o n a l  A e r o n a u t i c s  and Spac2 Administration 
n a v i g a t i o n  
n a u t i  c a l  n i  1 e 
rnaxinrum t o n e  c o r r e c t e d  p e r c e i v e d  n o i s e  levo1 
01  ant  range d i  s t a n c e  
r e s i s t a n c e / c a p a c i t a n c e  n e t w o r k  
r a d i  o f r e q u e n c y  
a r e a  n a v i g a t i o n  t e r m i n o l o g y  f o r  d t s t a n c e  d a t a  i n p u t .  
(DME d i s t a n c e  i n  t h i s  case.)  
r e s e a r c h  and development 
r a d i o  magne t i c  d i r e c t i o n  i n d i c a t o r  (same 84 RMI) 
r a d i o  magne t i c  i r l d * : c a t o r  
a rea  n a v i g a t i o n  
r e v o l u t i o n s  p e r  m i n u t e  
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SPI - 






symbo l i c  p i c t o r i a l  l n d i c a t o r  
a r e a  n a v i g a t i o n  t e r r n i r o l o  ,v for a n g u l a r  d a t a  i n p u t .  
v o l t  
v e c t o r  a n a l o g  computer 
v i s u a l  f l i g h t  r u l e s  
v e r y  h i g h  Crequenc; 
VHF o a n i  - d i  r e c t i o n a l  range  
c o - l o c a t e d  V G R  and TACAN s t a t i o n s  
(VOR r a d i a l  i n  t h i s  case. ! 
c a l l  l e t t e r s  for N a t i a n a l  Bureau o f  S t m d a r . d e  t i m e  
t i a n s r n i s s l o n s  
t h r e e  d i m e n s i o n a l  a r e a  n a v i q a t i o n  syz . in 
m i  c roamge r e  
O t h e r  symbols are d e f i n e d  i n  f i gu ru ,  29 and 3 0 .  
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Figure 2 - Application for an airworthiness cer t i f i ca te  (cont'd.). 
XPARTMENT OF TRANSFORTATION 
20 J u l y  1971 
FEDERAL AWATION ADMINISTRATION 
A I 3  cbr‘;RIER DISTRICT OFFICE 
Captain H. B. Benninghuff 
Ass i s t an t  Vice President  - F l i g h t  
Training and Procedures 
mer ican A i r  1 ines  ’ P 1 ight  Academy 
Greater Southwest I n t  ‘1 Airport  
F o r t  Worth, Texas 76125 
Dear Captain Benninghoff: 
American Air l ines  ts authorized t o  operate  N7545, a Boeing 720 
a i r c r a f t ,  which i s  i n  a n  experimental s t a t u s ,  €n VFR and I F R  
conditions day o r  night ,  i n  your NASA 3D RNAV noise  abatement 
cont rac t ,  sub jec t  t o  t h e  following Conditions: 
1. No persons o r  property may be caxried f c r  compensation or hire .  
2. 
c f  the a i r c r a f t .  
Each person c a r r i e d  must  be advised of t h e  experimental nature  
3. The 32 RNAV equipment w i l l  only be u t i l i z e d  on those RNAV rou te s  
and approach procedures which have been s p e c i f i c a l l y  e s t ab l i shed  f o r  
t h i s  program between and i n t o  the a i r p o r t s  of  Moffett  F i e ld  NAS, 
Mourr!-;!.n View, Cal i fo rn ia ,  and Stockton Metro, Stockton, Cal i fornia .  
4. 
of the experimental nature  of the a i r c r a f t  and o f  t h e  procedures 
being u t i l i z e d .  
“he control  towers at t h e  a i r p o r t s  i n  Item 3 w i l l  ‘be n o t i f i e d  
5 .  
monitored, u t i l i z i n g  normal VOR/DME and/or X I S  navigation systems 
co ensure t h a t  the f l i g h t  pa th  of the a i r c r a f t  is maintained i n  
accordance with the  routes ,  procedures, and a l t i t u d e s  prescr ibed 
i n  the char t s  provided f o r  t h i o  program. 
Whenevcr the 3D RNAV equipment is being u t i l i z e d ,  it w i l l  be 
Sincerely , 
C. ROWBOTTOE! 
Pr inc ipa l  Operations Inspector ,  M L  







- Strg. Cptr. ARMED f o r  'JORILOC capture. 
- Strg. Cptr. ENGAGED i n  VOR/LOC cap tu re / t r ack  mode. VOR /LOC GREEN E=-
- (Not used). 
- NAV Mode Se lec to r  i n  RNAV posit ion.  GREEN 
- NAV Mode Se lec to r  at RNAV/ILS; Strg. Cptr. ARM%D 
- (RNAV/ILS se l ec t ed )  Strg. Cptr. ENGAGED i n  capture  
RNAV/GS f o r  capture  of upper segment. 





AMBER - NAV Mode Se lec to r  a t  NORMAL; Strg. Cptr. ARMED f o r  
G/S cap tu re / t r ack  from below beam. 
GREEN - (NORMAL s e l e c t e d )  Strg. Cptr. ENGAGED i n  G/S t- cap tu re / t r ack  mode from below beam. 
I AMBER - (RNAV/ILS s e l e c t e d )  a t  r a d i o  a l t i t u d e  1000 f e e t ;  Strg. 
- (RNAV/ILS se l ec t ed )  Strg. Cptr. ENGAGED i n  G/S cap tu re /  Cptr. ARMED to cap tu re  G/S from above beam c e n t e r l i n e ,  
t r ack  from above beam. 
GREEN 
*NAV Mode Se lec to r  a t  RNAV p o s i t i o n  ext inguishes  a l l  o the r  progress 
d i sp l ay  indicat ions.  




A R D 5 6 4 2  =IH! ARO 5641 
A R D 5 6 4 0  7 
RNAV (vAc) 
A R D 5 6 3 0  (TP I--. 
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\, Its Lbcaliter 
Linden VORTIS: 
to (2M0 b 15.5 n m 
LLS Glide Slope 
(2.S0 2 0 . f )  2' \ '  
\ 3.6 (0.6 n m to rhreshold) -'r / \ 
Stock ton Runway 






51 (306' & 3.6 n m to W) - 
Outer Marker (LOHI kt 
*.o Threshold) - --(5.4 n m 
\ FOOTNO'IZS: 
L/ 10,050' after Threahold \ 1,2501 after Threahold Elevation 3 2 1 / 3 f  52' 69" N - 121' 129 46.5" W - 41 Elevation 5 2 ' / 3 f  49' 54" N - 12l0 0 8 1  03" W 
5J Elcvr'ton 101, 1 n rn o€f Runway C e n t c r l i n c / 3 f  50' 01'' N - 121' 10' 13'I W 
- 6 /  Elevation 2571/UI0 0 4 1  29" N - 121' 001 10" W - I /  Elrvotion 29'/3t0 53' 18.3"N-121° 13' 36.6"W 
Figure 18 - Navigation f a c i l i t i e s ,  Stockton Airport, California (not to  scale). 
Figure 19 - Stockton metro RNAVIILS two-segment approach. 
A i r l i n e  
&ener 
h l W t  P i l o t  




b f f e t t  F i e l d ,  Ca l .  
l a a h i w t o n ,  D. C. 
Ian FrafUi.co, Cal. 
Ian I r r r c i r c o ,  C.1. 
a m  m e l e e ,  Cal. 
bnnody Airport, 
low York 
l inneapol i r ,  Minn. 
Ian Frrnc ieco ,  Cal. 
Line Pilot 
Reeeuch  Pilot 
mu PlltlWY I 
NI. 
Capt. B. Yohl 






Capt. H. 8. 
Bennin8hoff 
:apt. D . C . h p r o n  
:apt. E. A. E r n r t  
:apt. A.H.Wel&nan 
:apt. P. Roi tach 
h p t .  P. Soder l ind  
:apt. W.A. Dixon 
stocl 
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:oc at f i l l  
,ius 50 hrc 
,p M m i  
Pi simu- 
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ilum 0 hro ,  
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a l l  o t h e r  






























Figure 20 - Primary eva lua t ion  p i l o t s  f o r  two-segment f l i g h t  tes t ing .  

DO You FEEL IHEM IS A MEED To REDUCE AIRCWT NOI,OE? 
mr 1 
YES- NO - 
DO VUIJ IM; ROIM m R f  E??OkTS SHOULD 8S DIWC78D TOWARD 
OIc;IF8CRIII; C U C E S ,  OPErWIQIAL PROCTWUES, M.R W ? I C  CONTROL 
PROCEDURES OR ALL 01 llf1Sl 
CNGI?iBMIIIc OPERATXOIW. ArC 
ALL OTfER (mpecify) YHY? 
HIAT ADDITIONAL ?LIGHT SNSTRUlSNTATfON 011 AIRCRAFT SYSTEM W YQI FEEL 
ABS NBIIDC;D To ?LY ND-SEQlUNT APPROMXCS (other than &at you maw 
Nom Ollll lR m? 
ALL TH-r CiX4SIOCPCD, UlUT ALTITUm DO YOU FEEL IS HOST COMPATIBLE ?OR 
TRMSITiaRIIIC lQ l?U IU 2/51 
ALTITUDE yin? 
UlU? V I A m E  M I N I W  DO YOU FEEL TW-IQIENT APPRDAclItS COULD BE FtMi 
TO IN SCliCRJLRD AIRLINE SCRVICC? 
tiMflQIIL9 VHY? 
ON TRt UPPER IMAM SaQBWT. D I D  llU4 HIWR T U N  NORHA!, SINB RAIlS CONCEUN 
YGI?  YSS No UHY? 
W YCU ntIWK AV AIRSPEED LSSS THAN REF + 20 COULD BE USED ON THE UPPER 
'D-RNAV SEAM? YES NO VHY 7 
UU? DID YOU mINK OF llU UPPER 3-RNAV BEAM (6') CAPTURE? 
UHST DID YOU THINK OF TRB m R  I W  C/S BEAM CAPIVRG? 
HUT TYPE3 OF AIRCWT MUZUNCTIONS W YW 'MINK WOULD PRECLUDE WING 
TyO-sKmNT APPROACHES? WY? 
AFlBR ?LYING 'IVO-SEQSNT APPROACHES, AND ',HEN ?LYING NVRPW. iW 
APPRONXES; WHAT DII?ERCNCES D I D  YOU ROTICE? 
DID PLYING IRE 1M-S- APPROMX UNDER IIlE HOOD HAVE ARI EFFKCT ON 
You? n s  No WWYT 
B t C A U I  'INIS I S  AN OPERATIONALLY ORIENIZD WSEARCH PRQltCT, US ARB 
OPEN To ANY AND ALL CCWENTS. 
THIS Ql5STIU@AIRC, PLEASE USE EXTRA PACES OR nta BACK SIDE OF THIS 
QUSSTICMNAIRE. 
t0o.y) *. 
I? YOU H A M  AWYIHINC PUR'IHER 10 ADD '3 
CAPTAIN BERNARD rOHL 
PROJECT PILO? 
mRICAN AIRLINES 
Figure 22 - Pi lot  questionnaire. 
American Airlines 
W n pleare have your prroxul optnion o€ t h k  
am&. Y a r r  urirt8nce uill help UI waluUe pureryar 
ructlam t o  approach tachniqumr uhhh lul, be uHd in mheduled 
. i t l L l n  BeINLca. 
Stace cmdftiolu may differ €tar one approach to  
asothar, jaw r v k a  on thir f o w  should appty only t o  thm 
approach Jwt carplmtrd. 
Thank you far your cooperation. 
Figure 23 - Passenger questionnaire. 
--- -I 




Listed bela,  are a r e r i e r  of barer r h m  between OppO@ing statements. 
check in the bac rn the l e f t  indicater s t ray ylreement v i th  the stat-nt 
on tho lo f t .  
uith the r t a tmun t  on the right. 
rase of opinion in betueen. 
Calm n a t h e r  @ n 0 17 Turbulent ma the r  
Smooth 0 0 13 fl 0 B-PY 
Relaxed feeling 0 Cl fl Ll 13 Tense, jittery teeling 
NO e f fec t  on ears  0 0 0 13 0 Ears ''pnoped" 
NO ef fec t  011 rtQuch 0 13 0 n L3 sttmuch fe' +V 
A 
A check in the  baa on the r igh t  indicater strong agreement 
The h e r  t a ra rd  the middle ind izr te  a 
Overall, uhat i r  your opinion of the f i n a l  approach ani i ?hare j U E t  
cap lored?  
The best n 17 12 I3 0 The worrt 
h i d e  f r a  your overall  opinion of th io  approach, you may have d i f fe ren t  
opiniarr abaut various pharer of the approach. The fo l la r ing  que r t imr  
cmcern tvo pharer of the approach --- j u r t  a f t e r  the landing gcarr were 
lowered, and the  f i n a l  approach r ta r ted ,  --- and then j u r t  before the 
actual landing. 
a. Pleare rate the phase j u r t  a f t e r  the landing gcarr were laucred. 
Quiet 0 13 1.7 c! n Noisy 
No ef fec t  on body 13 1 n Felt  str+ss on bod/ 
The dcrccnt s e rwd  The dercent seemed 
t o  be 8radual O O ~ C I I - J  t o  be steep 
The approach seemed 
t o  be r lov  u n o n i ; !  t o  be faat  
Felt  no vibration 0 @ 0 0 0 Felt  vibration 
The approach seemed 
b. Pleare rate the phase j u r t  bofore the actual :andin&. 
Quiet 0 13 n 13 1-1 Noisy 
NO ef fec t  on body 0 n I? n n Felt  r t renr  on body 
The derccnt seemed The descent reomed 
t o  be gradual n I1 13 I. I lrl t o  be rteep 
t o  be r1av 3 17 1 13 c3 t o  be fart  
F e l t  no vibration 0 fl 11 1:; 17 Felt  vibration 
The approach remed The approach reemed 
Figure 23 - Passenger questionnaire (contcd. ). 
4. Do you fmel your evaluation of t h i r  approach would have been differ-  
&he approach t o  the a i rpor t  e r e :  (Pleare check "Yerg* or "No" f r r  
condition and i f  'Yer," uhether your opinion misht have been "bt. - 
%orre. l') 




Be Different ' 
Ytr -
...... ............. mr m in-trial arc-. " a  C Over uater (a lake, b ocean) 
m r  a n r i d e n t l a l  area .............. c! 12 
Over a maantainour ana..  ............ L7 1.1 
la clear m r t h e r  ..................... 0 E 
In cloudy, fogm mathe r  ............. 0 
In the night ......................... fl 17 
In calwr *ather .................... 17 
In morm turbulent . rough ueather.. ... 17 
FOR CWSItICATIOR PURPCES, PLEASE TELL US: 
If "Yea." 1& Wauld Be 
Better Worse ---
53 
O W  n 
n n  
0 I 1  
Seat Ntakr I A. What i r  your reat: R w  lJIllber I 
8 .  Cormti- t h i r  approach, h w  m y  demonrtratim apptmcher have you 
experienced during your v i r i t ?  
Hoy ayny c m r c i a i  a i r l i n e  c r ipr  have you made in the part 12 monthr for :  C. 
Burineer Rearmr Plearurt/Perronal Rearanr 
D. Have you ever been a p i lo t ?  Yea 0 uo 
If 'Yer," *at i a  (wrr) your rating? 
,- .7 Riva te . . .  ..................... 
Air Tranapa t  Rating ........... L; 
Military.. ..................... 
mher...  ....................... fl 
cametical ..................... i:' 
n 
What are your t o t a l  f l y i n 8  h m r r ,  an a p i lo t ?  
What kind of work do you do? 
Haur I 
t .  m a t  is your parit ion? 
Indur t v- Porit ion- 
F. Your Seat: Mare 0 Female rl 
Pleare uae the apace b e l a ,  for any additional caawnta ym. w l d  ltb t o  make: 
- 

















F J  
c(c 
VORTAC 
RUNWAY TOUCHDOWN POINT 
W IPT 
Desired Track 
Figure 28 - Horizontal error componente. 
;ND POS (to WYPT) 
--- -- I - .  
I N D  ATK DIS WPT 
DES ALT IKDX 
RNAV COM ALT 
ACT COM ALT 
ACT ATK DIST WPT 
DES ALT ACTX 
ACT ALT 
ACT ALT ERR 
DES ALT ERR 
RNAV ALT ERR 
NET ALT ERR 
RNAV ALT DEV 
I N D  BAR ALT 
BARC ALTIM ERR 
I - .- -_ - - .-- -- - - . - c . .  
Indicated AloiLg Track Distance t o  Waypoint as read from 
the  console. 
Computed Alticude of the Glide Slope using Indicated 
Distance to  Wayyoitti; and Desired Glide Slope Angle. 
RNAV Commanded Al t i t ude  of  the Glide Slope using I N D  
Alt i tude and Alt i tude Deviation indicated on the console. 
Actual Comanded Al t i t ude  using ACT ALT and ALT DEV. 
Actual Alang Track Distance to  Waypoint. 
Computed Alt i tude of the Glide Slope using actual D i s -  
tance t o  Waypoint and Desired Glide Slope Angle, 
Actual A i r c r a f t  A 1  ti tude. 
Algebraic d i f f e rence  between DES ALT ACTX and ACT ALT 
noted above. 
Algebraic d i f f e rence  between DES ALT INDX ar.d DES ALT 
ACTX noted above. This value r e f l e c t s  the e r r o r  i n  
Glide Slope Al t i t ude  caused by d i f f e rences  between 
Indicated and Actual Distance to Waypoint. 
Algebraic d i f f e rence  between RNAV COM ALT and DES ALT 
INDX noted abave. 
Algebraic d i f f e rence  between RNAV COM ALT and DES ALT 
ACTX noted above. This i s  the most r e l evan t  Approach 
Model Error Computation. I t  r ep resen t s  the d i f f e rence  
between the Indicated Glide Slope Al t i t ude  value de t e r -  
mined by the airborne e l e c t r o n i c s ,  and the Glide Slope 
Al t i t ude  whfch should have been indicated on the cross- 
po in te r s ,  based on actual a i r c r a f t  posit ion.  
A l t i t ude  Deviation is the recorded value as read from 
the horizontal  bar of the console croebpointers.  A minus 
s ign  denotes the ind ica t ed  pos i t i on  i e  below Desired 
Al t i t ude  and a plus s ign  denotes above Desired Alti tude.  
Indicated Barometric A l t i t ude  i s  the recGrded value of 
indicated a l t i t u d e  (MSL), as read from the console 
a1 tirneter. 
Barometric Altimeter Error  is the aZgebraic d i f f e rence  
between recorded I N D  BAR0 ALT and Actual A l t i t ude  as 
computed from recorded radar  e l  t i t u d e  data,  
Figure 29 - Ver t i ca l  model de f in i t i ons .  
-d 
WPT Ind ica t e s  waypoint being used. See the diagram of 
Stockton Waypoint Coordinates f o r  Waypoint number def i -  
n i  t i o n s  , including coordinace values. (Fig. 19)  
ACT ATK DIST WPT Actual Along Track Distance t o  Waypoint as determined from 
the radar  recordings. 
RNAV LAT DEV 
ACT XTK DEV 
RNAV HOR ERR 
RNAV XTK ERR 
RNAV ATK ERR 
RNbV VOR ERR 
RNAV DME ERR 
VORTAC HOR ERR 
RNAV Lateral Deviation is the recorded value of Lateral 
Devia:ion, as read from the v e r t i c a l  bar of the console 
crosspointers.  
Actual Crosstrack Deviation i s  the perpendicular d i s t ance  
from the ac tua l  a i r c r a f t  pos i t i on  to  desired t rack,  
RNAV Horizontal Error i s  the computed d i s t ance  from the 
computed ac tua l  a i r c r a f t  pos i t i on  t o  the ind ica t ed  a i r -  
c r a f t  pos i t i on ,  as computed from onboard indicated RNAV 
parameter values. 
RNAV Crosstrack Error  is the  computed d i s t ance  from the 
ac tua l  a i r c r a f t  pos i t i on  t o  the perpendicular p ro jec t ion  
of indicated pos i t i on  on a l ine from ac tua l  a i r c r a f t  
pos i t i on  perpendicular to  the desired track. 
RNAV Along Track Error is the  perpendicular p ro jec t ion  of  
RNAV HOR ERR onto Desired Track. 
RNAV VOR Error  i s  the  computed bearing a t  the VORTAC 
s t a t i o n  from a p ro jec t ion  through the ac tua l  pos i t i on  t o  
a p ro jec t ion  through the RNAV indicated posit ions.  
A minus s ign  denotes a counter clockwise r o t a t i o n  and a 
plus s ign denotes a clockwise rotat ion.  
RNAV DME Error i s  the d i f f e rence  between the computed 
dietance frorr, the VORTAC s t a t i o n  t o  the RNAV ind ica t ed  
pos i t i on  and the computed d i s t ance  from the VORTAC 
s t a t i o n  t o  the ac tua l  posit ion.  A minus s ign  denotes 
the indicated d i s t ance  i s  l e s s  than the ac tua l  d i s t ance  
and a plus  s ign  denotes the indicated d i s t ance  i s  
g r e a t e r  than the ac tua l  distance.  
VORTAC Horizontal Error  i s  the computed d i s t ance  from the 
computed ac tua l  a i r c r a f t  pos i t i on  to  the ind ica t ed  a i r c t a f  t 
pos i t i on ,  as csmputed from onboard indicated VORTAC para- 
meter values. 
~ ~~ ~ -~ 
Figure SO - Horizontal model de f in i t i ons .  
VORTAC XTK E 6  VORTAC Crosstrack Error  i s  the computed d i s t ance  from the 
VORTAC ATK ERR 
VORTAC VOR ERR 





actual  a i r c r a f t  p o s i t i o n  to  the perpendicular p ro jec t ion  of 
i nd ica t ed  p o s i t i o n  on a l i n e  from ac tua l  a i r c r a f t  pos i t i on  
per pendicul ar t o  the des i r e d  track. 
VORTAC Along Track Error  i s  the perpendicular p ro jec t ion  of 
VORTAC HOR ERR onto Desired Track. 
VORTAC VOR Error is  t h e  computed bearing a t  the VORTAC sta- 
t i o n  from a p ro jec t ion  through the ac:ual pos i t i on  to a 
p ro jec t ion  through the VORTAC ind ica t ed  posi t ions.  A minus 
s i g n  denotes a counter-clockwise r o t a t i o n  and a plus s ign  
denotes a clockwise ro t a t ion .  
VORTAC DME Error  is the  d i f f e rence  between the computed 
d i s t ance  from the VORTAC s t a t i o n  to  the VORTAC ind ica t ed  
pos i t i on  and the  computed d i s t ance  from the VORTAC s t a t i o n  
to  the aLtual posit ion.  A minus s i g n  denotes the indicated 
d i s t ance  i s  less than the ac tua l  d i s t ance  and a plus s ign  
denotes the  ind ica t ed  d i s t ance  i s  g r e a t e r  than the actual  
d i  s tance . 
Localizer Error  is the  computed d i f f e rence  between the 
l o c a l i z e r  dev ia t ion  and the actual  ho r i zon ta l  deviation. 
A minus s ign  denotes the indicated l o c a l i z e r  dev ia t ion  
is l e f t  of the ac tua l  l o c a l i z e r  deviat ion and a plus  s ign  
denotes the indicated l o c a l i z e r  dev ia t ion  i s  t o  the r i g h t  
of the  ac tua l  l o c a l i z e r  deviat ion where the  viewer is 
facing the runway. 
Glide Slope Error i s  the d i f f e rence  between the g l i d e  slope 
dev ia t ion  and the ac tua l  v e r t  .a1 deviation. A minus s ign  
denotes the indicated g l i d e  elope dev ia t ion  i s  below the 
ac tua l  g l i d e  s lope dev ia t ion  and a plus  s i g n  denotes the 
indicated g l i d e  s lope deviat ion is above the a c t u a l  g l i d e  
elope devi ation. 
P i t ch  SteFr fe the d e f l e c t i o n  of the p i t c h  command bar. 
minus s ign  denotes a fly-up command. 
a fly-down cormand. 
k 
A plus s i g n  denotes 
Roll S t ee r  i s  the d e f l e c t i o n  of the r o l l  comnand bar. A 
minus s ign  denotes a f l y - l e f t  comnand and a p lus  s ign  
denotes a f l y - r i g h t  connnand. 
- 
Figure 30 - Horizontal model d e f i n i t i o n s  (cont'd.) 
- - .. - __I_- - . ---.- ---.- ---.___.__ --_____ _. 
B e l l  Aerospace Radar Parameters 
b c t u a l  A i r c r a f t  Pos i t i on )  
Center l ine component of S l a n t  Range - 
Al t i tude  - above runway 
Horizontal  dev ia t ion  - from runway 
*Clock time 
t o  a i r c r a f t  
c e n t e r l i n e  
Onboard Parmneters (Cockpit Panel) . 
*NASA Clock Time 
Voice 
Received VOR Bearing t o  VORTAC S t a t i o n  
Received DME Metance  t o  VORTAC S t a t i o n  
Indicated Barometric Al t i t ude  
Indicated Distance to  RNAV Waypoint 
Indicated Bearing to  RNAV Waypoint 
RNAV Indicated Al t i t ude  DevCation 
RNAV Indicated Lateral Deviation 
ILS Indicated Al t i t ude  Deviation (G/S)  
ILS Indicated Lateral Deviation (Localizer) 
P i t ch  Comaand I Roll Comand 
Log Data 
Inse r t ed  VORIDME Pos i t i on  Waypoint 
Two-Segment P r o f i l e  Being Flown 
Avionic System Being Used 
FM Tape Ca l ib ra t ing  
FM Tape Number/Runs 
Rime Synchronization Difference Between 
Onboard and Ground Clocks 
R e s t o r e d  Data 
Lati tude/Longi tude of Radar S i t e  
L a t i  t u d e l h n g i t u d e  of Waypoint 
Lati tudel longi  tude of runway touchdown 
True Bearing of Each F l i g h t  Leg 
LatitudeILongi tude of VORTAC S ta t ione  
point  
Source 
Bell Aerospace d a t a  re- 
corded on analog s a n e t i c  
tape 
B a t t e l l e  d a t a  listings r e -  
corded on analog magnetic 
tape by Battelle u n i t  
AA and Battelle Engineer 
Log Books 
FAA and U.S. Coast and 
Geodetic Quadrangle Maps 
*Denotes comon NASA Time Code Generator value,  used f o r  d a t a  c o r r e l a t i o n  
between VASA radar  d a t a  and onboard a i r c r a f t  data. 
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Figure 38 - Frequency dist~-lbutlon and histogram of VRT DEX, U T  DEV, 
PITCH STR, and ROU STEER. 
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Dt f f  erenee Relation of ILS Intercept (4) 
To Minimum Ceiling ( 5 )  (Buffer) 
Above (+I 350 io- 
A t  0 
Below (-1 400 f t  
(Visual a t  Intercept) 
Range 
100 f t  - 900 f t  
0 
103 f t  - 600 f t  
P i lo t  Questionnaire Items # (4) and # ( 5 )  figure 22. 
- 
Figure 49 - Inter-relation between ILS intercept and minirrum cei l ing.  
RNAV Output t o  
Flight Dire; tor ; D i s u l ~ ~  
RNAV Scale Selected* 
Approach Enroute (2  nm) Enroute (10 nm> 
AD1 Ver t i ca l  Cormnand Data 
Maximum Output 28 vac p-p 1 5  mvac/ft 15 mvac/ft 15  mvac/ft 
(equivalent  t o  6O p i t ch  comnand) 
AD1 & CDX Vertical Raw Data 
Ver t i ca l  Dev.(VTK) Ful l  Scale = 
2 dots  - + 150 f t  - + 500 f t  - + 500 f t  
AD1 6 A/P Horizontal Conmand Data 
Maximum Output 300 mvdc 120 mv/nm 30 mv/nm 
ADK, C D I , &  SPI Horizontal Raw Data 
Crosstrack Dev.(XTK) Ful l  Scale = 
30 mv/m 
+ 50 m 
+ 50 m 
- + 1.25 m 
+ 1.25 nm 
2 LO run 
2 10 nm 
2 do t s  - 
SPI only - 
Alongtrack Dev. (DX to WPT) 
- 
*RNAV Scale Selector  located on VAC Contzol Panel t o  change area 
depicted i n  the  face of the SPI, 
follows : 
The scale s e t t i n g  i s  used as 
APPROACH : 
Devoted to  lateral and v e r t i c a l  RNAV guidance ( a s  opposed t o  ILS 
guidance) f o r  f i n a l  approaches, 
ENROUTE ( 2  mu) ; 
i t i l i z e d  f o r  normal enroute waypoint-to-waypint RNAV navigation ar.d 
tracking, This s e t t i n g  was a l s o  chosen as the  most des i r ab le  v e r t i -  
cal raw d a t a  s c a l e  f o r  the two-segment p ro f i l e .  
ENROUTE (10 nm): 
P r i m a r i l y  used as an enroute o r i e n t a t i o n  device t o  e s t a b l i s h  r e l a t i v e  
p o s i t i o n  of waypoint and a i r c r a f t  heading with regard t o  waypoint 
posi t ion.  
Figure 50 - Dieplay e e n e i t i v i t i e s  f o r  RNAV g l i d e  slope guidance. 
(1) Pitch-down bias a t  upper-segment capture (stated i n  terms of pitch 
attitude angle change) : 
Bias (Ae) Reststance (Ohms) 
lo 1.00 K 
2O 2.00 K 
3O 3.10 K 
4" 4.25 K 
5O 5.50 K 
6' 6068 K 
P 7.88 K 
8' 9.22 K 
9O 10.60 K 
10" 12.00 K 
1 lo 13.50 K 
12O 15.10 K 
ILS Glide elope deviation a t  in i t ia t ion  .>f capture from above beam 
centerline: 
(2) 
Trip Point ( fia) Resistance (ohms) 
20 150 K 
30 125 K 
45 104 K 
60 90 K 
75 78 K 
90 68 K 
105 59 K 
120 53 K 
135 48 K 
150 4 4 K  
Figure 51 - Adjustable f l i ght  direc:or variables for a two-segment approach 
pro f i 1 e. 
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Other lacotiono Noted: 
Firrt  C l a r a  
Forward Louwc 
Behind Juap Seat 
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Total Rcrponrcr 99 
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Total Rcoponsce 16 
r idure 52 - Respondent s e a t  locat ions  from the passenger questionnaire. 
@ee t ion  
B. Number of Approaches Experienced 
Dwing Vie i t  (Pr ior  to Response) 
1 t o 4  
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Airpor t P1 anning 
Aircraf t  Safety (R6D) 
ATA 
Aviation 

















































































Figure 53 - Respondent charaLterfs t ics  from the passenger questionnaire. 
TOTAL 
For Personal /Pleasure Reasons 
1 
2 t o  5 
6 t o  10 







Question Sample Sample 
C. Nunber of Comercia1 Airline 
Trips  Made i n  Past 1 2  Months 
For Business Reasons 
1 3% 
2 t o  5 11 
6 to  10 23 
11 to 20 21 
Over 20 23 
None 5 












D. Pi lo t  Experience 
Yea 6 37. -527. --
Private 20 19 
Comercial 47 31 
Air Transport Rat fng  13 23 
Military 20 18 
Other - 9 
No 44 37 
No Answer - -4 -



















F i g u r e  54 - Respmdent f l y i n g  experience from the  passenger questionnaire. 
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Figure 60 - Stockton weather euirmary near noise site #3. 
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